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Hydrogen and Oxygen 


DECLARATION OF MR COLIN FRANCIS WALKER 

My name is Mr. Colin Francis Walker. I am of sound mind and am capable of making 
this Declaration based on the facts staled herein. 

1 . I have been an engineer in the combustion industry with an emphasis on turbo-machinery since 
1 960. I am a founding member of the ASE Society of Materials Engineering while a member 
of the American Society of Mechanical Engineers (ASME), having authored papers therein for 
turbo-machinery repair. 1 am currently a practicing materials engineer for turbo-machinery. 

2. I have entered into an agreement with Richard Haase and ClearValue, Inc. to provide 
expertise in relation to an engine method and device for which Mr. Richard Haase has 
patent pending under U.S. Patent Application 10/790,316. While I do not normally 
perform consulting, my billing rate to ClearValue, Inc. for these services is agreed to be 
$100.00 and that is the rate which 1 have agreed upon with Mr. Haase. My fee is not 
contingent upon any results that T obtain but is for my professional services. I personally 
know of Richard Haase through acquaintances in my field of work. 1 have no affiliation 
with Applicant or his company, ClearValue, inc. and have no interest in the outcome of 
patent application of Mr. Richard Haase. 

3. I should he viewed as at least someone of ordinary skill in. the art of combustion 
engineering and of turbo-machinery. 

4. A method of hydrogen combustion as claimed and taught in the styled patent application 
was not obvious to me prior to the teachings of the inventor. Further, 1 cannot envision 
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the claims and teachings within the styled patent application to be obvious to those of 
ordinary skill in the art of combustion science without the teachings of the inventor, as 
provided in the styled patent application. 

5. My belief in the non-obviousness of the claims and teachings within the styled patent 
application are exemplified in the interchange between the inventor and the U.S. 
Department of Defense, as evidenced herein in Exhibit A. T have reviewed the 
interchange, finding the skeptical and rather aggressive argument provided by Mr. 
Kessling and the U.S. DOD to leave the styled invention as non obvious to the U.S. 
DOD; this is why a combustion system as taught in the styled patent application should 
be of interest to an organization such as the U.S. DOD. 

6. It is only reasonable to conclude that Mr. Kessling, the U.S. DOD and Mr. Kessling's 
colleagues are of at least ordinary skill in the art of combustion science. 

7. Other than the teachings within the styled patent application, at this time there is no known 
method or apparatus to combust hydrogen with a pure form of oxygen without storage of 
oxygen. This is because oxygen is a combustible and dangerous material to store. 

8. I would state that a method or apparatus to combust hydrogen with a pure form of oxygen, 
as taught in U.S. Patent Application 10/790,316 and claimed therein, is non-obvious to 
those or ordinary skill in the art of combustion science without the teachings of the styled 
patent application and answers said long felt need of humanity. 

9. 1 have read the pending claims as of this date in the pending U.S. Patent Application 
1 0/790,3 16; 1 understand those claims, as well as those claims in relation to the specification. 

10. As I have read and understand the invention claims of Mr. Haase within U.S. Patent 
Application 10/790,3 1 6, which propose a method and an apparatus to combust a pure form of 
hydrogen with a pure rorm of oxygen, wherein a portion of the combustion energy is used to 
separate air as a means to provide the pure fomi of oxygen to combustion. It is my opinion 
and belief that this teaching and the claims thereupon are non-obvious without the teachings 
of the styled patent application while answering a long felt industry need known by those of 
ordinary and of expert skill in the art, as well as a long felt need of humanity. 
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11. As I have read and understand the invention claims of Mr, Haase within U.S. Patent 
Application 10/790,316, which propose a method and an apparatus to combust a pure forni of 
hydrogen with a pure form of oxygen, wherein a portion of the combustion energy is used to 
separate air to provide the pure form of oxygen to combustion. It is my understanding and 
belief that this teaching will increase the amount of hydrogen and of oxygen in the combustion 
chamber, thereby improving available torque per cubic inch of combustion chamber previous. 
Tt is my opinion that this teaching and the claims thereupon are non-obvious without the 
teaclimgs of the styled patent application while answering a long felt industry need known by 
those of ordinary and of expert skill in the art, as well as a long felt ncod of humanity. 

12. As I have read and understand the invention claims of Mr. Haase within U.S. Patent 
Application 10/790,316, which propose a method and an apparatus to combust a pure 
form of hydrogen with a pure form of oxygen, wherein a portion of the combustion 
energy is used to separate air to provide the pure form of oxygen to combustion while 
using the available cryogenic nitrogen as a means of reducing the temperature of stored 
hydrogen to a temperature below the joule Thompson curve of hydrogen, thereby 
improving the storage effectiveness of hydrogen. It is my opinion and belief that this 
teaching and the claims thereupon are non-obvious without the teachings of the styled 
patent application while answering a long felt industry need known by those of ordinary 
and of expert skill in the art, as well as a long felt need of humanity. 

13. As 1 have read and understand the invention claims of Mr. Haasc within U.S. Patent 
Application 10/790,316, which propose a method and an apparatus to combust a pure 
form of hydrogen with an excess amount of air so as to use the combustion envelop of 
hydrogen in combination with an amount of air in excess of that required to perform 
combustion as a means of cooling combustion and thereby reduce the formation of oxides 
of nitrogen, T also understand that the invention of Mr. Haasc, 10/790,316, claims this 
teaching for jet engines, e.g. turbo-machinery. It is my opinion and belief that this 
teaching and the claims thereupon are non-obvious without the teachings of the styled 
patent application while answering a long felt industry need known by those of ordinary 
and of expert skill in the art, as well as a long felt need of humanity. 
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14. As combustion methods, engines and devices comprise a significant market and as there exist 
many marketed devices within the combustion, engine and turbo-machinery industries in 
combination with a world wide knowledge of the environmental consequences of hydrocarbon 
combustion methods, there should not previously nor today exist any hick ofintcrcst or lack of 
appreciation oran invention's potential or marketability to a method or apparatus as presented 
and claimed in the invention of Mr. Haase, U.S. Patent Application 10/348,071. 

15. I have reviewed the pending claims as of this date within U.S. Patent Application 10/790,316 
and compared the pending claims with the prior art cited by the Patent Examiner, specifically 
U.S. Pat. No. 4,841,731 (Tindel et aL); U.S. Pat, No. 7,062,912 (Penfomis et aL); US. Pat. No. 
6,588,212 (Wallace et aL); and US. Pat. No. 4,664,857 (Nambu). I do not find this prior art 
cited by the Patent Examiner to have made the pending claims within U.S. Patent Application 
10/790,316 as obvious. Tn Tact, I find Penfomis et al. and Wallace el aL as improvements upon 
existing hydrocarbon processes; whereas, the Haase Application is a new and different process. 
In many instances, I find the art cited by the Patent Examiner to lead one away from Hie 
pending claims within U.S. Pat. Application 10/790,316. 

16. T hereby declare that all statements made herein are of my own knowledge are true and 
lhat all statements made on information and belief are believed to be true, and further 
these statements were made with the knowledge that willful false statements and the like 
so made are punishable by fine or imprisonment, or both, under Section 1001 Title 1 8 of 
the United States Code and that such willful false statements may jeopardize the validity 
of this application or any patent issued thereon. 

Full Name of Declarant: Mr. Colin Francis Walker 

Residence: 1 1 507 Leaning Pines Drive 

■ , Houston, Texas 77070 

Citizenship: .USA 

•' '■' : \ , M>'h> ■ ' 
Mailing Address: -^j^- J&mc as above 

Date: May 1,2009 _ 
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Richard 


From: Richard [richard@clearvalue.com] 
Sent: Tuesday, June 12, 2007 9:25 AM 

To: 'Kiessling, James CIV MDA/DV 

Cc: 'Myrick, Erwin CIV MDA/DV; 'Hargenrader, Louis A CTR MDA/DV; 'Koskey, Paul CIV 

MDA/DV; 'Appier, David DUSD, Advanced Systems & Concepts'; 'George Ulrich' 

Subject: RE: 35 USC 103(a) Obviousness - Traversal by Skepticism of Experts 

Importance: High 

Mr. Kiessling: 

Oops, I pushed to far and do apologize if I insulted you. 

From your background, I agree. You are not one of expert or ordinary skill in the art of combustion 
engines or of jet propulsion or of HVAC Systems or of Power Plants. Therefore, there is no value in my 
presenting your skepticism to the US PTO. However, you do have an impressive background in the 
areas for which you practice. 

Your thoughts in relation to an article are good. Unfortunately, I and my team, have been so side 
tracked in relation to enforcing patents against France (and we had better wake up to the fact that 
France, the government, is supporting major French Companies in obtaining control of water resources 
world wide; such will lead to significant political unrest. Water and pure water should be a 
fundamental human right and not a privilege to those who can afford it. Allowing pure water to 
become a resource of the wealthy or those of privilege will cause humanity significant issues!) 

While an article will do much for a peer review, it unfortunately will not do much for the current US 
PTO Office Action which I need to answer in a matter of weeks; there is just not enough time. Thank 
you for the thought though. 


If I may, I must though correct, the patent specification has already passed a 35 U.S.C. 112 review by 
both the Office of Initial Patent Examination (OIPE) and the Patent Examiner. There is no question as 
to the invention teaching one of ordinary skill in the art how to practice the invention. Further, again, 
Great Britain has already allowed a set of claims as presented in my last e-mail. So, I cannot agree; 
two capable and respected patent offices do not have the same opinion. 

If the DOD wishes to obtain the Proof-of-Concept Units I described, that is the cost. 

If the military is not a suitable market for hydrogen combustion systems and hydrogen combustion 
systems are the next generation of combustion systems, then it is entirely possible that the US will be 
taken over by other nations that can adapt. Is the US Military becoming a dinosaur? The US Military 
has historically been capable due to technology. Has such a capability to change and to think been lost 
in the US Military? If so, should I learn to speak Chinese or Farsi? 


a. I am sorry, but I do not teach the requirement of high pressure H2; nor do I teach the 
requirement of high pressure 02 or of liquid 02. I only teach the requirement of cryogenic H2, 
which does not have to be liquid, just stored preferably at near 100 R. 

b. Again, if a strategic advantage/disadvantage is the issue, cost to change is a question of horse 
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vs. motorized transportation. Remember WW I and the old Cavalry. We had to change or 
loose. Assuming that my presentation is correct, we either change or become second rate. I do 
not prefer to become second rate. As far as safety, H2 is much safer than diesel. That is 
without question. 

c. Again, I am not recommending high pressure, I am recommending cryogenic temperature. Big 
difference. Anyway, diesel is a high molecular weight fuel compared to H2; therefore, in an 
explosion it spreads near the surface of the earth, similar to, what was that stuff, Napalm (sp.). 
In strong contrast, H2 literally distills to the upper atmosphere in seconds. The Hindenburg did 
not blow due to H2, it blew due to paint pigmentation and static charge. 

d. Insulation. The Carnot Cycle. 

e. Again, I am not presenting the storage of 02, except in limited quantities after the 02 is distilled 
from air. Again, H2 is a low boiler, the lowest; therefore, H2 will immediately travel to the 
stratosphere. (Just like a distillation column.) 

f. OK, lets go though it again. The WCT has 4X the fuel efficiency while the H2 fuel has 3X the 
energy per pound and the engine has up to 10X the power per CID. This is all while composites 
are currently used to store H2. Yes, there will need to be some work; however, said work is not 
beyond the skills of one who is of ordinary skill in the art. 

If you believe that US Politics have nothing to do with $3.50 per gallon gasoline, then ? If you believe 
that the concentration within the oil industry, e.g. Exxon-Mobile, Texaco-Shell, Chevron-Phillips, etc. 
has nothing to do with politics then ? What about the Sherman Act? 

I complement you on your accomplishments and your tenacity. I also have rather accomplished 
commercialization experience with DuPont, GE Plastics and my innovations with ClearValue. Please 
appreciate though, that the "individual" components to the WCT already exist, e.g. cryogenic distillation 
of air, internal combustion engines, cryogenic storage of hydrogen in a composite storage tank, steam 
driven turbines and generators, electrolysis, etc. The innovation in the WCT is in the thermodynamics 
while the engineering is rather straightforward. And, given that said innovation goes against many 
established paradigms for which these e-mails establish in detail, said innovation creates skepticism. 

In short, GM is stupid. Ford is asleep. Chrysler is recovering. And, it appears as though the US 
Military is resistant to change. Therefore, please appreciate that if the WCT is commercialized with a 
foreign company, that the US Military was afforded the opportunity in the beginning. Again: 

a. Planes with 3X the flight distance, 

b. Tanks, trucks and support vehicles with 10 X the distance, 

c. 90 percent reduction in fuel poundage, 

d. Local fuel generation and supply, 

e. Significant increase in engine power (5 - 10 X is feasible), 

f. Significant reduction in engine size and weight, 

g. Limited to no production of COX, SOX or NOX. 

h. etc. 

I hate to say it, but I think that I need to learn a foreign language. 

Regards, 

<&A Q$6aase, 

Richard A. Haase, President & CEO 
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ClearValue, Inc. 
P.O. Box 18856 

Sugar Land, Texas 77496-8856 

Phone 281-261-9543 
Facsimile 281-261-6505 

richard@clearvalue.com 

Original Message 

From: Kiessling, James CIV MDA/DV [mailto:James.Kiessling@mda.mil] 
Sent: Monday, June 11, 2007 4:54 PM 
To: richard@clearvalue.com 

Cc: Myrick, Erwin CIV MDA/DV; Hargenrader, Louis A CTR MDA/DV; Koskey, Paul CIV MDA/DV; Appier, 

David DUSD, Advanced Systems 8t Concepts; George Ulrich 

Subject: RE: 35 USC 103(a) Obviousness - Traversal by Skepticism of Experts 

Sir 

1) I would not cite myself as having "expert skill" in the art if you mean engines/thermodynamic 
systems; I am merely aware of major factors in selection and use of systems. 

- By education I have a degree in Geophysics (Geophysics and Space Physics Specialty) and I 
have spent the last 23 years in Aerospace (industry and government) analyzing and building 
systems including sensors and rockets. I would be classed as a senior level systems engineer / 
systems architect in missile defense and space / airborne systems. For specialized application 
issues I usually bring in a university researcher or staff member from one of the National labs to 
address specific issues within their area of specialty. 

If you want a "real expert's" skepticism, you might try writing an article on your proposed engine / 
cycle and submit it to a peer reviewed academic journal in combustion / chemical physics and 
either get it accepted or use the peer review results as your "expert's skepticism" notification. 

2) I stand behind my statements in the emails (which I copied you as a courtesy to show that 
indeed the Government had looked at your idea). The particular issue I really emphasize is "lack 
of clarity of the concept and breadth of claims without completeness of the 
concepts to actually make an estimation or proof of any of the improvements that 
you cited." 

Insufficient material was available to fully appreciate an end-to-end system and the material that 
was provided talked variously to different families of concepts without clear delineation. The 
diagrams can apply to several implementations (with or without a steam turbine and condenser 
for example). Thus the comment is not about obviousness, the concept is vague as described and 
I am reasonably certain that a working device resembling your claims could not be fabricated 
using the engineering material provided. If the material is not descriptive at an engineering level; 
then no invention exists. 

Your comment as to the needed investment of 200K dollars to reach a working model in six 
months is essentially spurious marketing as it was mentioned without any supporting evidence 
such as engineering cost estimates to perform necessary detailed design engineering; 
mechanical design, parts fabrication, assembly and initial testing. If the initial device for proof of 
concept was this affordable, why didn't you just build it to show as part of your marketing effort 
and attempts to secure intellectual property rights? I know that it is trivial to borrow that level of 
money with personal goods as security with most any commercial lending establishment. Rather 
than attempting to "browbeat" the military to invest in vague marketing claims, if the working 
model is this affordable and quick to build, you could "put your money where your mouth is" and 
bet on the technology yourself and generate a working device that removes the need for 
unsubstantiated claims. 

If you were presenting an idea with a working model of that idea that could be assessed for 
efficiency and accuracy of your claims, that would be a far different situation from the present 
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where you are presently making claims to a concept that has not been reduced to practice. 


The military is also not a suitable market for hydrogen combustion based systems, so we are not a 
suitable investor in any case as it does not address our interests. 

You do not require specialized understanding of the military in order to understand why any military would 
be extremely adverse to the use of H2 and 02 as vehicle fuel systems: 

a) The new requirement for either high pressure H2 (and potentially 02g) or cryogenic LH2 / L02 to 
fuel vehicles / provide for power needs 

b) The costs (and risks) to address the local generation of H2 (and potentially 02) 

c) New vulnerabilities of vehicles with high pressure tankage to projectile weapons (rupture of 
vessels at high pressure is extremely lethal to nearby personnel) 

d) Energy costs and additional logistics to maintain refrigeration on either or both LH2 / L02 
(otherwise cryogenic liquids will be rapidly lost to boil-off) 

e) Safety issues associated with H2 and 02 in vehicles, specifically new flammable vapors that are 
not presently accounted for in operational settings. 

f) The new mass of pressure vessels or insulated storage tanks is not trivial and must be 
accounted in the power to weight ratio of vehicles using Hydrogen fuel. I expect a very serious 
mass penalty in fuel / oxidizer tank weight for vehicles such that the result of going to Hydrogen 
combustion would incur performance penalties for the overall vehicle. Additionally, a 50 gallon 
tank to carry 1.7 kg of H2g at 100 atmospheres pressure is a very poor substitution for 190 kg of 
diesel fuel at STP even if you want to argue that H2 has 3x the power per mass. Your vehicle 
design could not include both significant range between refueling and any significant cargo 
capability. Volume matters and it matters a lot especially when the storage tank walls must be 
strong enough for appropriate safety margins for pressure vessels. 

1 am reasonably certain that the use of diesel fuel and gasoline by militaries world-wide, which are 
commonly available from many sources both locally and in potential conflict theaters, has nothing to do 
with US politics. The commonality of the vehicles, the high volumetric energy storage, liquid transfer (and 
low flammability for Kerosene) makes transport and handling known quantities. Onsite generation of H2 / 

02 cannot be thought of as being portable activities and would present significant logistics issues to 
create local generation capabilities regardless of the original source of power. 

Finally your comments as to "any innovation has obstacles to overcome (logs in the road so to 
speak)..." are both trivializing the process of engineering and insulting to me personally. I am very aware 
of the issues involved in innovation of a new product against significant political and technical resistance. 
From 1998 to 2002 I created the concept, led engineering detailed design and systems integration and 
flight testing to create the worlds highest performing airborne infrared telescope and camera system. I 
experienced all the issues with bringing a new innovation to completion in a rather hostile environment 
including personal attacks and as a result I give all concepts brought before me complete and unbiased 
reviews. 

If after consideration of all of the above, you persist in a desire to use my comments and analysis in 
pursuit of your unsubstantiated claims, I insist that you provide the reviewer with all of my material 
including this email without alteration so that I will not be miss-quoted or quoted out of context. 

Jim 

James Kiessling, MDA/DV 
(703) 980-4599 (Cel + Vmail) 
(703) 882-6892 (desk) 

Original Message 

From: Richard [mailto:richard@clearvalue.com] 
Sent: Friday, June 08, 2007 1:09 PM 
To: Kiessling, James CIV MDA/DV 

Cc: Myrick, Erwin CIV MDA/DV; Hargenrader, Louis A CTR MDA/DV; Koskey, Paul CIV MDA/DV; 
Appier, David DUSD, Advanced Systems & Concepts; 'George Ulrich' 
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Subject: RE: 35 USC 103(a) Obviousness - Traversal by Skepticism of Experts 
Importance: High 

Mr. Kiessling (or is it Dr.): 

I understand that you cannot endorse the use of your statements for someone else to 
obtain a patent. However, if I may: 

1 . Are you one of expert skill, or at least ordinary skill, in the art? and 

2. Do you stand behind your statements or do you retract any of your statements? 

I don't want to be a lawyer, but it is that simple. You were rather critical in your e-mail 
of the technology; this is while skepticism of experts is an excellent method of proving 
to the Examiner that the instant invention is "not obvious". Please refer to the MPEP 
Section 716, attached. 

If I may, a patent application is not necessarily a "proof", if that is what you are 
seeking. However, if I may, you were pretty direct attacking the physics and the energy 
balances. Such would be reasonably concluded as "skepticism". 

As far as the claims go, claim approval is a negotiation process between the inventor 
and the US PTO; as such, you start with a rather significant breadth and then you 
negotiate. For your information, a copy of the claims allowed in Great Britain is 
attached. We will obtain at least the same breadth in the U.S. in our first set of claims; 
we have six sets pending in the first U.S. Application with a second grouping to be 
sought from PCT/US06/048057, e.g. "The Haase Cycle". 

Again, if I may, a working model would be excellent. If it were not for the damn French 
Water Companies infringing my other IP, many models would be completed. If the 
military can invest $200,000, we can complete both an internal combustion engine 
vehicle and a jet engine model plane, e.g. proof-of-concept, within 6 months. " 

As far as originality goes, I believe that if you look at the instant claims, attached, as 
well as the energy management systems, that there is novelty over the steam engines 
of the 18'th century. 

As far as water injection and pitting goes, please refer to the section in the patent 
application regarding water chemistry. One good treatment additive to eliminate pitting 
is hydrazine at ppm concentrations, while there are chemical additives which are 
normally practiced in the water (boiler) industry. 

If I may, any innovation has obstacles to overcome (logs in the road so to speak). I 
would like to suggest that for any innovation to commercialize one needs to look 
primarily at the road with your destination in mind; this is while you navigate the logs, 
so to speak. As, if you focus on the logs, it is easy to forget where you are going and 
become discouraged. 

If I may, there are desires (or wants), then there are needs and strategic advantage. 
The desires sound rather aligned with Exxon (which stands to reason with Chaney as 
the VP at this time); however, when this technology takes hold (and it will), the real 
question is one of strategic advantage versus strategic disadvantage. If there is any 
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truth in your mind at all, or perceived risk for that matter, in relation to the WCT, then it 
would not be in our best national interest for say China or Russia to convert to the 
instant invention while the US Military is still being courted by Exxon (inside or outside of 
the Whitehouse). I do not wish to be rude, but I do wish to put this on the table in a 
way so as to obtain attention. 

Further, if I may, I agree that the volumetric energy storage is less; however, if the 
engine is near Vi to 1 A the size with more power, who cares? Further also, Work = 
force X distance = mass X acceleration X distance; therefore, volume is not a part of the 
equation. What is important is that hydrogen has literally three (3) times the energy per 
pound, while the engines I propose can have 10 X the power per CID (that is with 
engine structural enhancement). 

In relation to the reactors; yes, they are today on ships; so, use them as needed or 
place on land as needed (logs vs. the road and the destination). 

I have never had a single class in military strategy or in military logistics. However, it 
makes sense that a "local" source of fuel would reduce the "footprint" or the "enemy 
target". I would think that the "potential mobility" of the fuel source would have a 
strategic advantage as well. Again, though, I have had no military training. 

Before wishing you a nice day, though, if you are: 

1 . Not one of expert skill in the art, please inform, 

1. Not one of at least ordinary skill in the art, please inform, 

2. Retracting any portion of your eight previous statements, please inform. 

So, if you need to answer yes to any of these questions, please inform within 10 
business days. 

Otherwise, I do believe that your "skepticism" is in my best interest with the US PTO. 

So, have a nice day. And, I look forward to speaking with your in the future, if a 
possibility. 

Regards, 
(<£A Q$6aase t 

Richard A. Haase, President & CEO 

ClearValue, Inc. 
P.O. Box 18856 

Sugar Land, Texas 77496-8856 

Phone 281-261-9543 
Facsimile 281-261-6505 

richard@clearvalue.com 

Original Message 

From: Kiessling, James CIV MDA/DV [mailto:James.Kiessling@mda.mil] 
Sent: Thursday, June 07, 2007 3:41 PM 
To: richard@clearvalue.com 
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Cc: Myrick, Erwin CIV MDA/DV; Hargenrader, Louis A CTR MDA/DV; Koskey, Paul CIV 
MDA/DV; Appier, David DUSD, Advanced Systems & Concepts; George Ulrich 
Subject: RE: 35 USC 103(a) Obviousness - Traversal by Skepticism of Experts 

Mr. Haase; 

I cannot endorse the use of my critique as a means to promote a patent application for a 
concept-only approach such as you are promoting. 

I believe that my objections had to do with lack of clarity of the concept and breadth of 
claims without completeness of the concepts to actually make an estimation or proof of 
any of the improvements that you cited. 

I believe an actual working model that can be tested to demonstrate the specific system 
level efficiency is required for complex mechanical constructs. Construction of such a 
model would force consideration of all aspects of the technical base and would eliminate 
the necessity of unsubstantiated claims as to lower losses / higher efficiencies of 
hydrogen combustion with water injection. Such a working model could provide direct 
evidence of end-to-end efficiency via independent supervision of tests that compare the 
chemical energy of the hydrogen fuel provided with the mechanical work delivered. 
(Equivalently the electrical energy in Joules if you choose to deliver electrical output 
could be compared with the fuel chemical energy). 


I am not a patent examiner nor do I have expert knowledge of how the patent examiners 
review patent applications, however; I do not believe the material you developed is 
entirely original: 

Per Wikkipedia: 

In 1807, Franyois Isaac de Rivaz built the first hydrogen-fueled internal 
combustion vehicle 

Use of the reciprocating piston engine principal with H20g (steam) as a working fluid and 
a separate condenser is essentially the Watt engine from circa 1770. Your modification is 
that heat is applied by the simultaneous combustion reaction of 2H2 + 02 ■> H20 + E 
within the expansion cylinder. Significant examples of use of a working fluid (steam in 
your case) is covered in the Rankin and Kalina cycles that employed external combustion 
and the use of water phase changed to steam. The presence of liquid water injection in 
your proposed engine is a technical risk for corrosion / pitting if the water is not fully 
vaporized. I am aware of the use of water injection to provide short term boosts in output 
from WWII fighter aircraft engines and other piston engines and I am unaware of the 
patent or "common practice" status of those approaches and whether hydrogen as a fuel 
is covered in prior art. Further the use of reciprocating engines with steam was largely 
replaced with steam turbines for efficiency purposes in better converting chemical energy 
of fuels (heat) to mechanical energy of rotation. 

Also per Wikkipedia a patented "6-Cycle" engine has similarities to your concept and 
insight as to issues of water purity and lubrication issues that your proposed engine must 
contend with: http://en.wikipedia.ora/wiki/Crower_six_stroke . Further, I would note that 
his patent application was for a device that he had actually built. 


Stepping away from the engine itself; as a systems level analyst, I cannot agree that 
Hydrogen combustion technology has benefits for DoD as you would state for the 
following reasons: 

1) The logistics train is entirely new; DoD does not presently use H2g or LH2 for 
vehicle fuels in remote or battlefield settings 

2) The volumetric efficiency of energy storage of even liquid hydrogen is at best 
25% of the energy storage of conventional hydrocarbons (Liquid H2 is only 7% 
the density of water) and must be maintained in a refrigerated and pressurized 
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vessel at less than 20Kelvin. 

3) Gaseous H2 is substantially worse in volumetric energy storage, at STP H2 is 2 
grams / mole into 22.4 liters, at 100 atmospheres (a rather hazardous pressure 
vessel) 22.4 liters holds 200g or a 50gallon (-3.8 liter / gal) capacity H2 tank 
holds only 1.69kg of H2. 

4) The requirement that you have implied to generate the Hydrogen (and 
preferably Oxygen) at/near site of use creates a new class of problems to solve 
in the portable generation of electrical power in theater. (Your suggestion that 
"You guys are good at nuclear fission, good at small nuclear reactors. A 
small portable nuclear reactor in combination with an industrial grade 
electrolysis cell would localize fuel development and efficiently produce 
H2 while removing a significant foot print target." misses this issue as the 
only "small portable reactors" that I am aware of in DoD are self-propelled as the 
power-plants of Submarines and Aircraft Carriers.) 

5) The characteristics of fuels that would be inherently desirable to DoD are as 
follows: Compatible with existing types of storage and transport infrastructure, 
higher energy density than gasoline/kerosene (volumetric and per mass), 
equivalent or better handling and safety characteristics (ambient pressure 
storage, no cryogenics, and non-toxic). Your proposed engine and related 
infrastructure do not address these inherent DoD desires or improve any of the 
issues that you cited. 

The so-called Hydrogen economy has a number of issues that make it marginal/ non- 
practical for domestic applications and certainly myself and others consider it impractical 
for warfighting applications (combat is about controlled destruction and is inherently "non- 
environmentally friendly"). I close with another pair of quotes from Wikkipedia: 

"Elemental hydrogen from solar, biological, or electrical sources costs more in 
energy to make than is obtained by burning it. Hydrogen may be obtained from 
fossil sources (such as methane) for less energy than required to make it, but these 
sources are unsustainable, and are also themselves direct energy sources (and are 
rightly regarded as the basic source of the energy in the hydrogen obtained from 
them)." 

"Hydrogen used in transportation would burn cleanly, without carbon emissions. 
However, the infrastructure costs associated with full conversion to a hydrogen 
economy would be substantial.^ In addition, the energy density of hydrogen gas 
is significantly less than that of traditional fuel sources, unless the hydrogen is 
stored at extremely high pressure." 

Jim 

James Kiessling, MDA/DV 
(703) 980-4599 (Cel + Vmail) 
(703) 882-6892 (desk) 

Original Message 

From: Richard [mailto:richard@clearvalue.com] 
Sent: Wednesday, June 06, 2007 1:31 PM 
To: Kiessling, James CIV MDA/DV 

Cc: Myrick, Erwin CIV MDA/DV; Hargenrader, Louis A CTR MDA/DV; Koskey, 
Paul CIV MDA/DV; Appier, David DUSD, Advanced Systems & Concepts; George 
Ulrich 

Subject: 35 USC 103(a) Obviousness - Traversal by Skepticism of Experts 
Importance: High 
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Mr. Kiessling: 

The attached E-Mail which you sent to me on 05/28, along with my 
responses of 05/28 and 05/29 appear to be information for which I 
should forward to the US PTO regarding the subject and U.S. Pat App. 
10/790,316. 

In summary, the US PTO Examiner does understand the hydrogen engine 
technology presented in 10/790,316 (The Water Combustion Technology 
(WCT)) which I presented at the Showcase and for which we seem to be 
having technical challenges. The US PTO Examiner is currently 
presenting to me a prime facie case of obviousness as referenced in the 
subject. 

A very good method of traversing a 35 USC 103(a) rejection is by 
documented skepticism of experts. The e-mail communication which you 
sent to me and attached would certainly fit such a description. Further, I 
would hope and trust that the DOD would present such a technology to 
an expert within the military for review and comment. 

In light of all of the above, I plan to send the attached in a declaration of 
authenticity to the US PTO; as again, the attached comments from one of 
expert skill in the art would definitely prove that the instant invention 
(10/790,316) is not at all obvious. (Ref. Manual of Patent Examination 
Procedure (MPEP) 716, which is available at uspto.gov) 

Should you have any issue with my sending to the US PTO, or more 
importantly, any issue relating to any statement contained in your e-mail 
or any issue as to your position as one of expert skill in the art, a return 
communication would be most appreciated within 10 business days. 

I trust that should I not receive any communication from you within 10 
business days that it is safe to assume "You stand by your comments and 
that you are one of expert skill in the art". 

Respectfully yours, 

(RA &6aase, 

Richard A. Haase, President & CEO 

ClearValue, Inc. 
P.O. Box 18856 

Sugar Land, Texas 77496-8856 

Phone 281-261-9543 
Facsimile 281-261-6505 


richard(giclearvalue.corn 
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Richard 

From: Richard [richard@clearvalue.com] 
Sent: Wednesday, May 30, 2007 6:41 AM 

To: 'Kiessling, James CIV MDA/DV; 'Myrick, Erwin CIV MDA/DV; 'Hargenrader, Louis A CTR 

MDA/DV; 'Koskey, Paul CIV MDA/DV 

Cc: George Ulrich (george.ulrich@clearvalue.com); David A. Appier (David.Appler.ctr@osd.mil) 

Subject: Benefits of the WCT to the US Military 

Importance: High 

Military Managers: 

Let me briefly present the benefits of the WCT, assuming that my thermodynamics are correct or at 
least partially correct (and I realize that we have a way to go for a consensus understanding). 

Today, your fuel drivers, diesel and gasoline, are huge targets. Today, you must transport fuel from a 
refinery to the battle field. Logistics are not just important, logistics are an enemy target. By utilizing 
H2, the military could simply locate a local water source for H2 development on site. You guys are 
good at nuclear fission, good at small nuclear reactors. A small portable nuclear reactor in combination 
with an industrial grade electrolysis cell would localize fuel development and efficiently produce H2 
while removing a significant foot print target. 

Today, your engines, diesel and gasoline, only produce about 15% usable energy of the energy 
combusted. That is not good. By using the WCT with an estimated efficiency of near 50 to 60 %, you 
would reduce your fuel requirement by near 75 %. Further, H2 has 3 times the energy per pound as 
compared to any hydrocarbon; that is another reduction of 66%. Therefore, by using the WCT, the 
military can reduce its fuel requirement, in poundage, by about 90 % (1/(4 X 3) » 1/10). That is a 
significant reduction in both supply lines and in storage. 

Today, your engines, diesel and gasoline, aspirate with air at atmospheric pressure. The WCT provides 
pure 02 at pressure. Think about it for a moment. While most believe that their vehicle is limited by 
fuel, it is not; it is limited by air or the amount of 02 available. The WCT changes that relationship. 
The WCT, while obtaining liquid 02 from distillation can easily support a pressurized 02, oxidizer, 
intake. Also, since the WCT has nearly no N2 in the combustion cylinder, there is near an 80% (4 to 1) 
improvement in utilization of cubic inch displacement as air is only about 20 % 02 while being near 
80% N2; this is while N2 at best does nothing except throw away combustion energy (and make 
NOX). Therefore, just by removing the N2, we get a 4 to 1 increase in available torque (or 
horsepower). Then by pressurizing the combustion chamber with 02 at say 30 psig, we obtain another 
3 to 1 increase in power. (It goes that the H2 is added at pressure as well. BMW is starting to figure 
this out.) I have just described a power increase which is near 10 to 1 (3 X 3). Therefore, with the 
WCT, the military could reduce engine size, thereby reducing engine weight while simultaneously 
increasing engine power. The trick is going to be in engine structural design as the stresses imposed 
will also be much greater. 

Today, your engines, diesel and gasoline, operate off of the Otto Cycle, e.g. power = the change in 
pressure times the change in volume within a combustion cylinder. The WCT can incorporate the 
Haase Cycle, wherein during exhaust water is added to the combustion chamber in order to further 
reduce combustion pressure (PV=nRT). Then, during a very slow burn (H2 is good at that) there is 
added to the combustion cylinder at least one of fuel (H2) and oxidizer (02), thereby extending the 
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high pressure envelope. While exaggerated for demonstration purposes, please refer to the attached. 

Today, your jet engines operate with kerosene. In strong contrast to kerosene, H2 has 3 times the 
energy per pound. Simple math means at least 3 times the time between refueling. Simple math 
means an increase in load carrying capacity. Now, for the best part, some of that reduction in fuel 
weight can be used to store water (H20). As jet propulsion is a momentum equation, e.g. mass times 
velocity, temperature is really irrelevant to the movement of the plane. Therefore, it is possible with a 
H2 jet engine to locate a jet exhaust cooling compartment just prior to jet engine exhaust. Within such 
a compartment, the heat signature or jet engine exhaust temperature can be reduced. Such would be 
good for our military pilots as well as our commercial airliners. I do not know much about heat seeking 
missiles; but I do know that we can reduce the temperature, e.g. heat signature. You guys will have to 
determine if we can reduce the temperature enough as compared to the required amount of water to 
remove the target from the missiles heat sensor. 

So, in summary, by using the WCT, with our without the Haase Cycle, it is possible for the military to: 

1. Significantly reduce supply lines, along with the fuel footprint in the field, 

2. Reduce fuel usage, storage and transportation by near 90 %, 

3. Increase ground equipment usefulness between refueling by about 1000%, 

4. Increase engine power per CID by near 10 times (structural issues may limit, depending 
upon application), 

5. Increase at least one of flight time between refueling and load carrying capacity of aircraft, 
and 

6. Potentially reduce to maybe eliminate jet engine heat signatures on aircraft. 

Those are a lot of significant benny's. We would like to work with you guys, if we can get past an 
understanding of the thermodynamics. Again, I await your response. 

Regards, 

(RA &6aa$e, 

Richard A. Haase, President & CEO 

ClearValue, Inc. 
P.O. Box 18856 

Sugar Land, Texas 77496-8856 

Phone 281-261-9543 
Facsimile 281-261-6505 
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Richard 

From: Richard [richard@clearvalue.com] 
Sent: Tuesday, May 29, 2007 9:24 PM 

To: 'Kiessling, James CIV MDA/DV; 'Myrick, Erwin CIV MDA/DV; 'Hargenrader, Louis A CTR 

MDA/DV; 'Koskey, Paul CIV MDA/DV 

Cc: George Ulrich (george.ulrich@clearvalue.com); David A. Appier (David.Appler.ctr@osd.mil) 

Subject: RE: ClearValue's Hydrogen Engine - The Water Combustion Technology (WCT) 

Importance: High 


Military Managers: 

I thank you for your attention to ClearValue's Water Combustion Technology (WCT). If I may, let me 
please respond directly to the comments posed: 


1. I am sorry, but neither 35 U.S.C., 37 CFR nor the Manual of Patent Examination Procedure 
(MPEP) require the type of detail suggested. (The US PTO has not required models for 
decades.) What is important by 35 U.S.C. and the MPEP is to teach the invention, which in this 
case is a thermodynamic redesign of combustion using hydrogen as the fuel and pure oxygen 
as the oxidant, such that one of ordinary skill in the art can practice the invention. In fact, the 
invention has already been awarded a British Patent, e.g. BP 2407372. At this time, the U.S. 
Application is in its third office action, wherein all of the prima facie' rejections of the Examiner 
have been thoroughly answered and traversed. We are also responding to our first office 
action in Canada, Russia, China, India, Indonesia, Japan, Germany, S. Korea and Mexico. Also, 
if I might, broad claims are what is sought by an inventor, while those who license tend to 
prefer narrow claims; the reason for such is obvious. In recent years claim scope has tended 
to be much narrower; this is because in recent years most of the patent applications have been 
improvements upon pre-existing technologies. A new, ground breaking technology, such as 
the WCT, has historically and should today have a much broader claim scope. 

2. The Carnot Efficiencies and losses relating to cryogenic distillation are already known by one of 
ordinary skill in the art of cryogenic distillation; therefore, such is not required within the 
instant patent specification, especially since the prior art of cryogenic distillation is referenced. 
Having said all of that, the Carnot Efficiencies of the instant combustion system are obviously 
directly related to the combustion temperature and the exhaust temperature, which in the case 
of the Haase Cycle should be about (1,800 - 600)/2,000 X 100% = 60 percent. If you refer to 
the charts from the showcase, friction losses are presented as known in the industry, near 3 to 
5 percent. As far as a complete energy balance goes, that would be rather application 
dependent for which we would welcome further discussions. 

3. I am sorry; I hate to correct, but cryogenic distillation columns do normally discharge a liquid 
02 product while distilling a gaseous N2 product (N2 from the top of the column and 02 from 
the bottom of the column). This is normal everyday practice in the chemical industry as 
performed by Air Products, BOC Gases and (even the French) Air Liquide. Such is easily 
accomplished because nitrogen has a Joule Thompson Coefficient which is near 4 times that of 
Freon (ref. CRC Handbook of Chemistry and Physics). In short, N2 is very easily chilled at just 
150 to 200 psig using the Carnot Cycle. If I may, let me refer you to: Flynn, Thomas M., 
Cryogenic Engineering, Dekker, 1996. This is a Library of Congress Book; so, access is 
relatively easy. However, the goal of the N2 is not to be a liquid (while a liquid would be 
better for heat transfer efficiencies), the goal of the N2 is to keep the H2 below its Joule 
Thompson Curve, which is near 360 R at atmospheric temperature (in essence you cannot chill 
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H2 until you get it under 360 R (-105 F) at atmospheric pressure). When H2 has a positive Joule 
Thompson Coefficient, e.g. about below 360 R from about 1 to 20 atmospheres, H2 is easily 
chilled for storage down to hear 100R. 

4. Those energy losses occur because the H2 is normally above its Joule Thompson Curve, e.g. 
STP, therein having a negative Joule Thompson Coefficient (Again, let me refer you to Flynn). 
Using the available cryogenic N2, as discussed above, the energy to chill, store, H2 at near 100 
R is dramatically reduced, as the H2 will have a positive Joule Thompson Coefficient. 
Therefore, the storage density of the H2 is dramatically increased while the energy to chill the 
H2 is dramatically reduced. Fuel cells cannot do that as fuel cells do not have any 
cryogenic N2 available. (Again, let me refer you to Flynn and H2 densities at near 100R). 

5. I am sorry, but the water is necessary unless exotic materials are used. H2 burns very hot, 
near 1700 F and will build easily to over 3000 F in a confined space. Also, one of the 
thermodynamic goals of the instant invention is the recycling of otherwise lost energy directly 
following the first and the second laws of thermodynamics. Today combustion engines loose 
near 70% of their combustion energy in the form of enthalpy lost from the block and the 
radiator along with enthalpy and entropy lost from the exhaust. The instant invention has an 
insulated block and recovers all of the then focused enthalpy and entropy losses from the 
exhaust. Today, we only obtain about 15% of the combustion energy at the wheels. The 
instant invention plans to recover and recycle 70% of the otherwise lost combustion energy 
(near 4.5 times the energy at the wheels); therefore, the water is necessary in order to 
manage combustion chamber temperature so as to limit the use of exotic materials while 
providing the capability of energy recycle (again, directly by the first and the second laws of 
thermodynamics). I do agree that there will be losses due to the latent heat of vaporization of 
water; however, those losses are made up many times over in the improved engine efficiency, 
e.g. from about 15% to near 60%. Again, there is little to no N2 in the combustion chamber. 

6. Our computer models do not indicate that such is an issue. Quite frankly, such cannot be an 
issue as today's engines, as inefficient as they are at 15%, have friction losses of near 3 to 5 
%. If we are recovering near 70% of otherwise lost enthalpy and entropy, friction losses of 3 
to 5 % are not an issue. This is especially the case with the Haase Cycle, wherein a hot 
cylinder is directly cooled with water injection in a non-combusting cycle. I suggest that you 
refer to "total" energy balances on the system rather than "relative" energy balances on the 
system as those might relate to a water cooled engine using a hydrocarbon. 

7. The energy balances for the jet engine (not rocket) assume the same exhaust gas 
temperature as current. Therein is where the additional air is necessary. The additional air is 
not needed as an oxidizer (so go the misunderstandings of the past); in contrast, the additional 
air is needed to maintain exhaust gas temperature and thrust. Hydrogen has near 3 times the 
energy per pound as compared to any hydrocarbon; therefore, the heat balance with a jet 
engine designed for kerosene when using H2 is way off, near 3X. To put the engine back into 
thermodynamic balance, the instant invention teaches that we simply need more air to both 
keep the thrust up and to keep the exhaust temperature in range. This aspect of the instant 
invention explains very well the difficulties of the past, e.g. previous hydrogen jet engines had 
too high of an exhaust temperature, had limited thrust and had a low altitude ceiling. Again, 
the instant invention solves all three challenges with an energy, thermodynamic, balance which 
states that we need increased to about 160% more air or a compressor with increased to 
about 160% greater capacity. Say, a J-6 compressor on a J-3 Engine when burning H2. Also, 
please appreciate that the combustion envelop for H2 is so much broader than that of 
kerosene, e.g. hydrocarbon; therefore, H2 will burn at fuel to air ratios impossible with a 
hydrocarbon. 

8. I agree. Therefore, it makes no sense to me why that NASA does not launch horizontally 
therein utilizing the atmosphere for both lift and oxidizer until the atmosphere is too thin to be 
of value. (Why don't you guys take off horizontally with missiles or ICBMs? You could get a 
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much greater payload and carry much less oxidizer. And, if you need sub-space altitude, you 
could limit the amount of oxidizer storage necessary.) The carrying of oxidizer does not make 
sense until a sub-space altitude is obtained. This is taught in the instant invention. 

I am so sorry that the instant invention is not understood. I suggest that you go back to the 
fundamentals of thermodynamics therein referring to the heat balances and losses which occur in a 
hydrocarbon internal combustion engine, both internal combustion and turbine. 

I have found that most often the comments you state indicate a less than fundamental review of the 
thermodynamics of combustion. If you go back to the fundamentals, you will see the WCT Engine. If 
you stay within the mindset of human experiences with hydrocarbon systems, it is difficult. Those that 
I have found to understand the instant invention the quickest tend to be Chemical Engineers with a 
significant background in thermodynamics. I have unfortunately seen aerospace and mechanical 
engineers to struggle. 

I trust that I have not been rude. I have tried to communicate directly while not being rude. 

I have found, though, that when I receive misunderstandings as stated in the attached e-mail in any of 
my previous inventions forward progress becomes difficult until commercialization happens elsewhere. 
Therefore, I suggest an improved dialogue so as to surmount said misunderstandings. If not, then, I 
do have interest from foreign companies. Sorry, but true. Detroit is today in a state of stupid. GM still 
believes in fuel cells. Ford is near broke. GE is trying to copy the WCT and not get caught. Boeing is 
upset because it is not their idea, e.g. NIH. So, what is an inventor to do. We will probably 
commercialize with a company from the Far East. 

I would like to work with the military if we can create a dialogue to surmount said misunderstandings. 
I will await your communication. 

Regards, 

Richard A. Haase, President & CEO 

ClearValue, Inc. 
P.O. Box 18856 

Sugar Land, Texas 77496-8856 

Phone 281-261-9543 
Facsimile 281-261-6505 

richard@dearvalue.com 

Original Message 

From: Kiessling, James CIV MDA/DV [mailto:James.Kiessling@mda.mil] 
Sent: Tuesday, May 29, 2007 4:12 PM 

To: Myrick, Erwin CIV MDA/DV; Hargenrader, Louis A CTR MDA/DV; Koskey, Paul CIV MDA/DV 
Cc: richard@clearvalue.com 

Subject: RE: ClearValue's Hydrogen Engine - The Water Combustion Technology (WCT) 
Gentles 

I was asked to review the material provided on "Water Combustion Technology", I reviewed the material 
provided and prepared the following comments. As a technical reviewer; I cannot recommend any 
specific actions or contracting decisions, however; I have a number of observations that may prove 
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beneficial to others including the author of the material. 

1) In my personal experience, this is not a "standard" patent disclosure as to the breadth of claims 
and I expect that the patent office will decline it for lack of detail and realization (e.g. a working 
model should be provided for this types of complex system or industrial process patents) 

2) The overall system is not indicated as the author fails to include the Camot efficiencies or friction 
losses of the Cryogenic air distillation to obtain oxygen (PT diagrams there are very "illuminating") 
and a compilation of all processes and losses in the cycle needs to be shown. 

3) The comment on using LN2 to provide refrigeration support for LH2 is not credible since at 1 atm 
the temperature of LN2 is 77K and H2 is liquid at 20K and heightened pressure. The critical point 
for LH2 is 33K and you cannot maintain liquid above this temperature. 

4) According to commercial process sources, 30-40% of the energy value of liquid hydrogen is 
expending in compressing and cooling it to this level. LH2 is also at 7% of the density of water 
(STP) thus the volume of tankage is rather significant. 

5) The use of water to provide cooling of the reaction process is actually counter-productive in a 
Camot efficiency sense and unnecessary if the combustion reaction is 2H2 - 02 = H20 as that 
will not create NOx issues. 

6) Using steam (H20g) as a working fluid that is due to the vaporization of water injection cannot be 
efficiently recovered in a condenser and recycled for additional efficiency in the manner indicated 
as the friction and Carnot losses will further reduce the value of the mass used. 

7) In the "Rocket Equation" the key issues for the specific impulse of the propellant is due to 
exhaust gas velocity, first the average molecular weight of exhaust gasses should be minimized 
(inverse dependence on mass) (thus high fuel-oxidizer ratios, more fuel than stoichiometric 
balance for reaction due to low mass of hydrogen) and secondly higher temperatures of 
combustion (velocity goes as square-root of temperature ratio). 

8) Carrying oxidizers for vehicles in the atmosphere decreases overall efficiency of the vehicle. 

Bottom Line; I disagree with the author's physics and engineering approach for hydrogen combustion 
methods; however this is my professional and technical opinion for the reasons cited above. 

For background reading of the "green" aspect of the so-called Hydrogen economy I recommend the 
"Bellona report" at http://bellona.org/filearchive/fil Hvdrogen_6-2002.pdf and I recommend accepting that 
it is an activist position piece but they did decent homework on the sources and uses of Hydrogen 
especially on vehicles. 

Jim 

James Kiessling, MDA/DV 

Senior Advisor, Technology and Integration 

(703) 980-4599 (Cel + Vmail) 

(703) 882-6892 (desk) 

»» snip ««<< 


Original Message 

From: Richard Haase [mailto:richard@clearvalue.com] 

Sent: Monday, May 21, 2007 10:58 AM 

To: Koskey, Paul CIV MDA/DV 

Cc: George Ulrich; audrey@clearvalue.com 

Subject: ClearValue's Hydrogen Engine - The Water Combustion Technology (WCT) 
Importance: High 

Mr. Koskey: 

I do appreciate your time and interest in ClearValue and in the many technologies 
therein. 
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I must say that I did receive the same interest which you expressed from Raytheon 
regarding the subject in relation to a potential load/range improvement of the cruise 
missile. The same interest was expressed again by Mr. Paul M. Fritz at the Naval Air 
Warfare center in relation to drones. 

Upon investigation, though, I find that if I file for an SBIR that the DOD will obtain a 
capability to use the technology license and royalty free. While I do not wish to do 
anything that may at all be considered business wise inequitable, if that information is 
correct, an SBIR may not be in my best interest. 

For your convenience, I am attaching to this e-mail and electronic copy of: 

1. The 4 page summary of the WCT presented at the showcase, 

2. The 2 page summary of the Haase Cycle presented at the showcase, 

3. Each chart presented in the ClearValue booth at the showcase, 

4. My power point presentation, along with the associated script for the 
showcase, and 

5. U.S. Pat App. 10/, e.g. U.S. Pat. Pub. 20050198958. 

Please inform of your thoughts. 

Again, your interest in ClearValue and in ClearValue's technologies is genuinely 
appreciated. I trust that you had a timely trip home. 

Regards, 

Richard A. Haase, President & CEO 

ClearValue, Inc. 
P.O. Box 18856 

Sugar Land, Texas 77496-8856 

Phone 281-261-9543 
Facsimile 281-261-6505 

richard@dearv alue.com 
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Richard 


From: Richard Haase [richard@clearvalue.com] 

Sent: Monday, May 21, 2007 9:58 AM 

To: 'Paul Koskey (Paul.Koskey@mda.mil)' 

Cc: George Ulrich (george.ulrich@clearvalue.com); 'audrey@clearvalue.com' 

Subject: ClearValue's Hydrogen Engine - The Water Combustion Technology (WCT) 

Importance: High 

Contacts: Paul Koskey 

Mr. Koskey: 

I do appreciate your time and interest in ClearValue and in the many technologies therein. 

I must say that I did receive the same interest which you expressed from Raytheon regarding the subject 
in relation to a potential load/range improvement of the cruise missile. The same interest was expressed 
again by Mr. Paul M. Fritz at the Naval Air Warfare center in relation to drones. 

Upon investigation, though, I find that if I file for an SBIR that the DOD will obtain a capability to use the 
technology license and royalty free. While I do not wish to do anything that may at all be considered 
business wise inequitable, if that information is correct, an SBIR may not be in my best interest. 

For your convenience, I am attaching to this e-mail and electronic copy of: 

1. The 4 page summary of the WCT presented at the showcase, 

2. The 2 page summary of the Haase Cycle presented at the showcase, 

3. Each chart presented in the ClearValue booth at the showcase, 

4. My power point presentation, along with the associated script for the showcase, and 

5. U.S. Pat. App. 10/, e.g. U.S. Pat. Pub. 20050198958. 

Please inform of your thoughts. 

Again, your interest in ClearValue and in ClearValue's technologies is genuinely appreciated. I trust that 
you had a timely trip home. 

Regards, 

(RA &6aase t 

Richard A. Haase, President & CEO 

ClearValue, Inc. 
P.O. Box 18856 

Sugar Land, Texas 77496*8856 

Phone 281-261-9543 
Facsimile 281-261-6505 

richard@clearvalue.com 
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The Garth Is mostly water. 
Our bodies are mostly water. 
ClearVatue's Innovations Improve 
our water, our air, our health and our world. 



ClearValuc's Water Combustion Technology (WCT) - Hydrogen/Oxygen Engine 

The combustion of fossil fuels is the combustion of HYDRO-carbons. ClearValue's Water Combustion Technology is 
the combustion of HYDRO-gen. The processes are chemically very similar. 


In both cases, Oxygen (0 2 ) is the oxidant and Water (H 2 0) is the combustion product. In hydrocarbon combustion, 
however, carbon does also combust to carbon dioxide (C0 2 ), a greenhouse gas. (During incomplete combustion, carbon does 
also combust to carbon monoxide (CO), a poisonous gas.) Unfortunately, to complicate matters, hydrocarbon combustion is 
performed with air instead of (0 2 ); this is while air is only about 20% 0 2 , being 80% nitrogen (N 2 ). A portion of the N 2 in air 
combusts endothermically (adsorbing energy) to produce oxides of nitrogen, NO x (NO, N0 2 and N0 3 ). While NO x is toxic to all 
life, N0 X also catalyzes the conversion of 0 2 to ozone (0 3 ). NO x and 0 3 inhibit nature's ability to complete photosynthesis 
(Photosynthesis is the biochemical pathway utilized by plant life to convert C0 2 back into 0 2 ). Further, 0 3 is toxic at the Earth's 
surface, yet naturally produced from 0 2 in the upper atmosphere to protect all life from UV radiation. Therefore, air pollution 
(CO x and NO x ) not only places greenhouse and poisonous gases in our air, air pollution also reduces nature's ability to replenish 
our air, e.g. 0 2 . Further, oil which is the raw material for: gasoline, diesel and kerosene, has sulfur as a natural contaminant. 
Sulfur combusts to form SO x (S0 2l S0 3 and S0 4 ). NO x , SO x and CO x form acids with water, thereby creating acid rain. In 
conclusion, simply removing C, N and S from combustion removes C0 X , N0 X and S0 X , acids and 0 3 from our air. 

A Most Significant Challenge to Humanity 

While humanity has been rather creative in the use of fossil fuel to provide energy, it is without question that said use will lead to 
environmental consequences; while, those consequences may be of biblical proportions. As the Earth warms, due to the release of CO x 
and N0 X into the Earth's atmosphere, the Earth adapts to the warmth, increased energy, which exists in Earth's oceans and in Earth's 
atmosphere. That adaptation is causing changes in weather patterns, including record hurricane and tornado events, along with flooding 
and drought, depending upon location. Drought causes wildfires, while the flooding causes destruction of personal property. And, these 
events are seen with only a 1 ° C increase in the average Earth temperature. Should humanity not change in the use of fossil fuel to 
provide energy, computer models predict a 5 to 7 ° C increase in the average Earth temperature within the next 50 to 100 years. Only a 3 
to 5 0 C increase in the average Earth temperature is required to melt Earth's glaciers and polar ice caps. Such a melting and thereby 
dilution of the salt content within Earth's oceans is predicted to stop the "warm water conveyance systems" in Earth's oceans. Should such 
a terrible event take place, we should bear in mind the significant heat sink which exists just outside our atmosphere, Space, wherein the 
temperature is only 1 to 3 K, e.g. - 450 to - 460 ° F. Having such an immense capacity to adsorb energy so dose to home, it is not hard to 
imagine that if the extreme northern and southern portions of the Earth are not heated with the warm waters of the tropics that those 
extreme northern and southern portions of the Earth will cover with ice. Should humanity cause the next ice age, humanity will have caused 
their own calamity. And, should the "ice age scenario" not come to pass, that same melting of the glaciers and the polar ice caps will raise 
Earth's oceans by over 50 feet; such a rise in Earth's oceans would place many coastal cities under water while being a calamity of biblical 
proportions in its own right The worst case scenario is a rising of the oceans followed by an ice age; in this scenario, humanity would leave 
the oceans for the higher altitudes. Once located in the higher altitudes, an ice age would be horrific. 

For our children, we must take action! We must replace fossil fuel energy sourcesl We must preserve our homel 

Why Fuel Cells Arc Not the Answer 

While technically rather interesting, fuel cells were originally invented by NASA as an electricity source for spacecraft. 
Conceived for such an application, it should be appreciated that in combustion applications fuel cells are part of an electric motor, 
wherein fuel cells are used instead of batteries. Each fuel cell makes a small current; therefore, banks of fuel cells are required 
to produce energy of any significant quantity. Therefore, fuel cell energy is costly and complicated. Fuel cell engines have an 
installed cost that is 300% to 1,000% of that for combustion engines. This means that the cost of the average 200 HP internal 
combustion engine will increase from $3,000 to approximately $15,000 to $30,000 and the installed cost of power plants will 
quadruple. We cannot afford fuel cells to clean our air. If we must invest in fuel cells, we must endure either significant 
governmental underwriting and/or endure rather significant inflation. Lastly, fuel cells require platinum to be effective; this is while 
there is not enough platinum in the Earth's crust for one years automotive production. 

Technology Comparison 

Energy management and efficiency are key. In efficiency, today's internal combustion engines (ICE) are only 
approximately 20%, electrical generating facilities approximately 30% and jet engines approximately 20%, efficient. These 
inefficiencies are easily understood by the first and second laws of thermodynamics, which define energy losses as forms of 
mechanical energy (torque), heat energy (enthalpy) and exhaust gases (enthalpy and entropy). That hot engine (enthalpy), that 
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nC0 2 + (n+1)H 2 0 + energy 
8C0 2 + 9H 2 0 + 1,300 kcal 
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smelly (entropy) and hot (enthalpy) exhaust and sitting in that stalled traffic (torque) are all wasted dollars. Out of Every $1.00 of 
fuel placed in an automobile or truck, $0.80 is wasted. Out of every $1.00 spent on your electric bill, $0.70 is wasted. Between 
pollution and economic issues, we could do much better; the hydrocarbon combustion process is not very intelligent. 

In contrast, ClearValue's Water Combustion Technology (WCT) minimizes energy losses utilizing the same laws of 
thermodynamics as an asset rather than incurring them as a liability. WCT increases the efficiency of the internal combustion 
engine to near 50 to 70% and that of power generation facilities to approximately 50-80%. in scientific terms, the new WCT 
improves combustion efficiency by minimizing: enthalpy, entropy and torque losses by turning otherwise lost energy into stored 
potential energy or fuel. 


ICG - energy & Material Row Diagram 



In ICE: under normal operation, the WCT engine is insulated having no cooling loop managing combustion or block 
temperature during normal operation; temperature is managed with the addition of H 2 0 to a mixture of pure H 2 and 0 2 in the 
combustion chamber. Exhaust energy is converted to electrical energy via steam turbine(s); said electricity converts steam turbine 
condensate back into H 2 and 0 2 via electrolysis. 

Combustion/Steam Turbine Configuration - €Iectrlca! Generation 


Flow of Steam (H 2 0) 


Low Pressure Steam 



P,.T, P?vD 


Pi.T, 


Pc,T e 



Water 
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H 2 H 2 0 
(Preferred) 


P c > Pi and T c >T t 
P, > P 2 and Ti>T 2 
P 2 > P3 and T 2 >T 3 
P 3 > P 4 and T 3 >T 4 
P N and T N , wherein c = 
combustion. 

N^1, wherein N = turbine 


Bypass 


Torque 

From CE 

To 0 2 Separation 


Steam Turbine(s) preferably to generate electrical energy. 
Combustion turbine(s) preferably to generate electrical energy. 
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In electricity generation, the WCT is insulated having no cooling loop during normal operation; temperature is managed 
with the addition of H 2 0 to a mixture of pure H 2 and 0 2 . Exhaust energy, steam, is directly converted to electrical energy via steam 
turbine(s). The WCT Power Plant requires no: emission control units, boilers, heat exchangers or cooling towers; the WCT Power 
Plant is about 1/3 to !4 the footprint and the investment of a hydrocarbon facility. In both of these cases, ICE and electricity 
generation, 0 2 is obtained from the air via separation of the air by: membranes, pressure swing adsorption, vacuum swing 
adsorption, or cryogenic distillation. In the case of ICE, cryogenic distillation most preferred, as the available N 2 heat sink solves the 
H 2 storage challenge by storing H 2 below its Joule-Thompson Curve. Such cryogenic storage of H 2 presents an H 2 storage tank 
which is smaller than the gasoline or diesel or kerosene storage tanks used today while obtaining significantly increased 
transportation distances between refueling, e.g. 500 miles or more. 

In HVAC, H 2 would be piped to a home or business in a manner similar to that of natural gas is piped today. In HVAC, 
the entire home or business would be heated, using the available combustion energy of H 2 , or cooled using the available heat 
sink from cryogenic N 2 . In HVAC one centralized WCT Unit would provide all climate and refrigeration requirements. This is 
while N 2 cools with near 400% of the cooling efficiency of freon, e.g. the Joule Thompson coefficient of N 2 is 4 X that of freon. 

In jet propulsion, the 3X energy factor of H 2 compared to kerosene is managed by increasing the air compressor 
capacity near about 160%, thereby maintaining thrust and exhaust gas temperature at 1/3 the poundage of fuel, and thereby 
significantly increasing flight distance and load capacity. 

For an automobile, it is reasonable to assume: 1) the average WCT ICE has a life of 200k miles, 2) the average internal 
combustion engine obtains 20 mpg of gasoline, 3) the average WW price of gasoline is near $3 per gallon, and 4) the average 
vehicle investment is near $20k. Therefore, the cost of operating an internal combustion engine for 200k miles is approximately 
$60k on the average, or $0.30 per engine-mile with a fuel economy of $0. 1 5 per mile. 

For a fuel cell powered automobile, it is reasonably conservative to assume: 1) the average fuel cell engine has a life of 
100k miles, 2) the fuel cell engine obtains 10 miles per pound of hydrogen, 3) the market price of hydrogen will be $1.00 per 
pound, and 4) the average vehicle investment will eventually be near $45k. Therefore, the cost of operating a fuel cell engine for 
100k miles is approximately $100k, or on the average, or $0.55 per engine-mile with a fuel economy of $0.10 per mile. 

For ClearValue's WCT, it is reasonable to assume that: 1) the average combustion engine will have a life of 400k miles 
(no carbon to foul engine parts), 2) the WCT will average 20 miles per pound of hydrogen, 3) the market price of hydrogen will be 
$1.00 per pound, and 4) the average vehicle investment is near $25k. Therefore, the cost of operating a WCT engine for 300k 
miles is approximately $45k on the average, or $0.1 12 per engine-mile with a fuel economy of $0.05 per mile. 

For an electric power plant, it is reasonable to assume: 1) natural gas turbine/steam turbine efficiency of 35%, 2) natural 
gas price of $6 per tcf, and 3) natural gas energy value of 212 kcal/mole = 13.25 kcal per lb. Therefore, the fuel cost of operating 
an electrical generating facility with natural gas is near $0.10 per kcal of energy. 

For a WCT Power Plant, it is reasonable to assume: 1) operating efficiency of at least 60%, 2) a hydrogen price of $1.00 
per lb., and 3) a hydrogen energy value of 68 kcal/mole= 34 kcal/lb. Therefore, the fuel cost of operating an electrical generating 
facility with WCT is near $0.10 per kcal of energy with no pollution and about 1/3 of the capital investment. 

WCT requires less capital and operates more economically, while minimizing CO x , NO x , SO x , 0 3 and acid in our air. 

The Market 

Automobile and truck production is one of the largest and most well established industries WW. In the US, there are 
approximately 15M new cars and trucks sold every year; WW that figure approaches 55M units per year. There are currently over 
500M cars and trucks operating WW. Further, the production of electricity absence a source of flowing water or moving air is 
performed with either nuclear fission or the burning of fossil fuels; due to the cost and the risks associate with fission, the burning of 
fossil fuels is often preferred. 

Prototyping and early stage commercialization of the WCT is to be completed with partners in: combustion science, steam 
turbine design and manufacture, jet engine design and manufacture, electrolysis, cryogenics and transmission design. 
Commercialization of the WCT is to be completed with Joint Venture partners in: transportation (internal combustion engines), 
electrical generation (combustion-steam turbine systems), jet engine (aerospace) and HVAC (furnace) applications. Joint Venture 
partners are to be established in countries of the Patent Cooperation Treaty (PCT), such as: US, Canada, Europe, China, Brazil, 
Indonesia and India. Technological innovation, such as this, will require political, as well as business and financial support. 

Intellectual Property (Sustainable Competitive Advantage) 

ClearValue has 2 PCT Patent Applications pending WW. PCT/US 03/11250, which has published under WO 03/087564, is 
pending in Canada, Mexico, Germany, Russia, China, S. Korea, Japan, India, Indonesia and Australia. PCT US 06/48057 is an 
improvement upon PCT/US03/11250 and is awaiting publication. An allowance has been obtained in Great Britain from 
PCT/US03/11250. A U.S. Pat. Application was filed from PCT/US03/ 11250, 10/790,316, which is pending and has published as 
2005.0198958. WW Regional patent applications are planned for PCT/US06/48057. (IP can be viewed at uspto.gov and wipo.int) 

Commercialization Strategy (ClearValue Is rather flexible on Investor exit; however, IPO Is deemed the most beneficial stage) 

There are five stages of development planned for the WCT: 1) Proof-of-Concept; 2) Prototyping; 3) Technology and 
Commercialization Partners; 4) Translation and Market Penetration; and 5) Royalties and continued R&D. 

Proof-of-Concept - In stage 1, ClearValue plans to complete: a racing style go-cart, a jet propelled model airplane, a 
miniature, 10KW Power Plant, and a 1 ton HVAC Unit. Each prototype is envisioned to have a development cost of near $50,000. As 
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each is completed it is anticipated that further intellectual property will be developed wherein $50,000 is budgeted for each. Therefore, 
completion of a proof-of-concept in each application area, including intellectual property, is estimated at about $400,000. Alternatively, 
any one of the four planned proof-of-concept units is estimated at about $150,000. 

Prototyping - In stage 2, ClearValue plans to complete WCT engine modification of a: 1) production automobile, along with 
a motorcycle, 2) 1 Mega Watt Power Plant, 3) a 5 Ton HVAC Unit, along with the associated refrigeration and freezing units, and 4) 
production jet engine, along with the associated fuel tank(s). The capital requirement for all four prototypes is $25M; or, $9M 
individually; budgeted costs for the prototyping stage, including intellectual property development, are: 


Prototype Development Financial Budget Plan (Estimated for each: ICE, Jet®, Power and HVAC) 


Resource ($ k's) 

1Q 

2Q 

3Q 

4Q 

5Q 

Totals 

Office and Facility Cost 

175.0 

175.0 

175.0 

190.0 

190.0 

905.0 

COO & Mgmt. 

75.0 

75.0 

75.0 

100.0 

100.0 

425.0 

Business Support Staff 

30.0 

30.0 

30.0 

45.0 

60.0 

195.0 

Patent/Legal Expense 

10.0 

20.0 

40.0 

80.0 

100.0 

250.0 

4 Engineers 

180.0 

180.0 

180.0 

180.0 

180.0 

900.0 

5 Prototype Designers 

100.0 

100.0 

100.0 

100.0 

100.0 

500.0 

Consulting fees 

75.0 

75.0 

150.0 

150.0 

150.0 

600.0 

Technical Support Staff 

300.0 

300.0 

300.0 

300.0 

300.0 

1,500.0 

Facility Support Staff 

30.0 

30.0 

30.0 

45.0 

65.0 

200.0 

Laboratory Equipment 

400.0 

300.0 

200.0 

150.0 

150.0 

1,200.0 

Tooling/Equipment 

600.0 

400.0 

300.0 

200.0 

100.0 

1,600.0 

Travel/Entertainment 

75.0 

75.0 

100.0 

150.0 

200.0 

600.0 

Misc. 

25.0 

25.0 

25.0 

25.0 

25.0 

125.0 

Totals 

2,075.0 

1,785.0 

1,705.0 

1,715.0 

1,720.0 

9,000.0 


Given regulatory requirements, a full jet engine FAA program may be well in excess of $100M. 


Technology Validation and Commercialization Partners (IPO Stage) 

1. Identify Required Development/Commercialization Partners, 

2. Contract Potential Future Intellectual Property Ownership, 

3. Complete Commercialization/Business Development in Four Industries: 
® Transportation having a Licensing Fee of $200 M, 

® Electrical Generation, Power/Steam Turbine, having a Licensing Fee of $100 M, 
® Jet Propulsion, having a Licensing Fee of $50 M, land 
® HVAC, having a Licensing Fee of 25 M. 

Translation/Market Penetration 
Licensing Fees: 

® $500 M for Transportation (10 + planned), 

® $500 M for Power/Steam Turbine Equipment (10 + planned), 

® $100 M for Jet Propulsion (10 + planned), and 

® $ 50 M for HVAC (20 + planned). 

Royalties (Estimated): 

1 . Transportation - $500 per engine and $500 per vehicle, 

2. Electrical Generation - $0.50 per KWH generation capacity and $0,020 per KWH of electricity. 

3. Jet Propulsion - $10,000 to $250,000 per Engine and $10,000 to $10 M per airplane, 

4. HVAC - $100 perton/$10 per burner. 

Success Requirements: 

® World class technology/business development, 

® Political support within each commercialization county, 

(J) Flow forward and flow back technology agreements within licensing agreements, 

® Translation across entire market application opportunities, and 

® Continued world class R&D. 

This Is a socially responsible technology and business. This Is a technology which will not only prove 
beneficial to all of humankind, but also has the capability of providing very significant financial returns. 


The WCT Is a ClearValue. 
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CtearValuc's WCT - Including the Haase Cycle 


The combustion of fossil fuels is the combustion of HYDRO-carbons. ClearValue's Water Combustion Technology is 
the combustion of HYDRO-gen. The processes are chemically very similar. 


In both cases, Oxygen (0 2 ) is the oxidant and Water (H 2 0) is the combustion product. In hydrocarbon combustion, 
however, carbon does also combust to carbon dioxide (C0 2 ), a greenhouse gas. (During incomplete combustion, carbon 
does also combust to carbon monoxide (CO), a poisonous gas.) Unfortunately, to complicate matters, hydrocarbon 
combustion is performed with air instead of (0 2 ); this is while air is only about 20% 0 2 , being 80% nitrogen (N 2 ). A 
portion of the N 2 in air combusts endothermically (adsorbing energy) to produce oxides of nitrogen, N0 X (NO, N0 2 and 
N0 3 ). While NO x is toxic to all life, N0 X also catalyzes the conversion of 0 2 to ozone (0 3 ). NO x and 0 3 inhibit nature's 
ability to complete photosynthesis (Photosynthesis is the biochemical pathway utilized by plant life to convert C0 2 back 
into 0 2 ). Further, 0 3 is toxic at the Earth's surface, yet naturally produced from 0 2 in the upper atmosphere to protect all 
life from UV radiation. Therefore, air pollution (CO x and NO x ) not only places greenhouse and poisonous gases in our 
air, air pollution also reduces nature's ability to replenish our air, e.g. 02. Further, oil which is the raw material for: 
gasoline, diesel and kerosene, has sulfur as a natural contaminant. Sulfur combusts to form SO x (S0 2 , S0 3 and S0 4 ). 
NO x , SO x and CO x form acids with water, thereby creating acid rain. In conclusion, simply removing C, N and S from 
combustion removes CO x , NO x and SO x , acids and 0 3 from our air. 

A Most Significant Challenge to Humanity 

While humanity has been rather creative in the use of fossil fuel to provide energy, it is without question that said use 
will lead to environmental consequences; while, those consequences may be of biblical proportions. As the Earth 
warms, due to the release of COX and NOX into the Earth's atmosphere, the Earth adapts to the warmth, increased 
energy, which exists in Earth's oceans and in Earth's atmosphere. That adaptation is causing changes in weather 
patterns, including record hurricane and tornado events, along with flooding and drought, depending upon location. 
Drought causes wildfires, while the flooding causes destruction of personal property. And, these events are seen with 
only a 1 0 C increase in the average Earth temperature. Should humanity not change in the use of fossil fuel to provide 
energy, computer models predict a 5 to 7 0 C increase in the average Earth temperature within the next 50 to 100 years. 
Only a 3 to 5 0 C increase in the average Earth temperature is required to melt Earth's glaciers and polar ice caps. Such 
a melting and thereby dilution of the salt content within Earth's oceans is predicted to stop the "warm water conveyance 
systems" in Earth's oceans. Should such a terrible event take place, we should bear in mind the significant heat sink 
which exists just outside our atmosphere, Space, wherein the temperature is only 1 to 3 K, e.g. - 450 to - 460 0 F. 
Having such an immense capacity to adsorb energy so close to home, it is not hard to imagine that if the extreme 
northern and southern portions of the Earth are not heated with the warm waters of the tropics that those extreme 
northern and southern portions of the Earth will cover with ice. Should humanity cause the next ice age, humanity will 
have caused their own calamity. And, should the "ice age scenario" not come to pass, that same melting of the glaciers 
and the polar ice caps will raise Earth's oceans by over 50 feet; such a rise in Earth's oceans would place many coastal 
cities under water while being a calamity of biblical proportions in its own right. The worst case scenario is a rising of the 
oceans followed by an ice age; in this scenario, humanity would leave the oceans for the higher altitudes. Once located 
in the higher altitudes, an ice age would be horrific. 

For our children, we must take action! We must replace fossil fuel energy sources! We must preserve our home! 

The WCT Haase Cycle presents combustion of hydrogen with oxygen producing H 2 0 as the combustion product, 
wherein management of energy and of combustion is significantly improved. The WCT Haase Cycle presents improved 
thermodynamics, thereby improving combustion power and efficiency, 2 - 10X and 50-70%, respectively. The WCT Haase 
Cycle utilizes steam from combustion to: 1) maintain power output of combustion, 2) provide method(s) of energy storage 
and transfer, 3) provide method(s) of energy recycle, 4) provide power, and 5) cool the combustion chamber. Steam is a 
potential energy source, both from kinetic and available heat energy, as well as conversion to H 2 and 0 2 . 


C n H 2n * 2 + (2n+1)0 2 
gasoline + 12.5 0 2 
nat. gas (CH 4 ) + 20 2 



nC0 2 + (n+1)H 2 0 + energy 
8C0 2 + 9H 2 0 + 1,300 kcal 
C0 2 + 2H 2 0 + 213kcal 


2H 2 + 0 2 — ► 2H 2 0 + energy 
2H 2 + 0 2 — ► 2H 2 0 + 137 kcal 
H 2 has 3X the energy per pound 
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Make-up 



Even Number 
of Cycles 2 2 



The above depicts The Haase Cycle, wherein water is used during at least one of a combustion cycle and a cooling cycle, 
e.g. water is added to the combustion chamber or cylinder to adsorb heat energy and to create steam. Said steam then provides 
pressure within the combustion chamber to create work (in the case of a piston, work = Apressure x Avolume). Excess steam 
energy, assuming that there is not enough water cycle(s) to adsorb all of the available excess heat energy, is them converted 
back into fuel by converting said excess steam energy into electricity and then converting the resultant steam condensate back 
into fuel and oxidizer, e.g. H 2 and 0 2 , via at least a portion of said electricity generated by said steam turbine. 



The Haase Cycle is patent 
pending world wide according to 
PCT/US06/048057. 

Work = A Pressure X A Volume 
P = Pressure 
V = Volume 

H/O = Addition of H 2 and/or 0 2 
S, E = Start, End 

Combustion/Power 
Intake/Exhaust 


^< Spark, if desired 
Chamber (Volume) Expansion^ 
Chamber (Volume) Contraction 


As the work performed by a combustion engine equals the change in pressure times the change in volume in a 
combustion chamber, e.g. cylinder, The Haase Cycle improves engine power by altering the previously known Otto 
Cycle. The Haase Cycle is able to improve said engine power by expanding the Otto Cycle PV envelope. Said 
expansion is performed by adding water during either the combustion cycle or during a separate cooling cycle wherein 
combustion is not performed. Said water addition is performed such that the temperature and thereby the pressure of 
the combustion chamber is reduced, as graphically shown above. During the combustion cycle, at least one of fuel and 
oxidizer are added to the combustion chamber so as to expand the PV envelope as graphically shown above. A slow 
burn is preferred. Due to the auto-ignition temperature of H 2 and 0 2 , the spark, depicted above, is not required. 
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CkarVaiuG's WCT - Jet Propulsion 


(Air) dMo/dt Vo 


///// TM 



(Thrust) dMe/dt Ve 


(Jet Propulsion Is a 
Momentum Balance) 
Ve » Vo 


Fuel, F (H 2 or Kerosene) 


Thrust = dMe/dt Ve - dMo/dt Vo, Let Me = Mo + M F , M F = mass of fuel. 

F = J t1 voT Me - Mo = J 11 vof 6 Mo + M F - Mo = J 1 M F 

Fwct = J" vof /e {M H 2 + M 02 + M H2 o + M a ,r}, for Kerosene F = J\ 0 ^ e {M FK + M AIR } 

Is, F WCT * F K ?; .'. is, {M H2 + M 02 + M H2 o} ^ { M K } ? 

And, if air is used instead of 0 2 , then is {M H2 + M H20 + Ma,,} £ {M K + M A ir} ? 

AH H2 = 51,571 BTU/lb., AH K = 19,314 BTU/lb., 

H 2 + Y 2 0 2 -* H 2 0 C 14 H 30 + 43/2 0 2 -> 14 C0 2 + 1 5 H 2 0 

lb.+ 8 lb. — 9 lb. 1 lb. + 3.47 lb. — 3.1 1 lb. + 1 .36 lb. 

Cp K = 0.6 BTU °F/lb., Cp H20 = 0.46 BTU °F/lb., Cp H2 = 3.45 BTU °F/lb., Cp AIR = 0.46 BTU °F/lb., 
AH v .H2o = 974 BTU/lb., AH F , H20 = 144 BTU/lb., Kerosene(K) a liquid, H 2 vaporizes @ STP 

AH Combustion = I AH's 

AH K = Cp K (lb. K)(1000) + CPajr (3.47/0. 18)(1 000) + CpAi R (lb. AIR)(1000) 
19,314 = (0.6)(1)(1000) + 0.46(3.47/0. 18)(1 000) + 0.46(lb. Air)(1000) . 

For Kerosene, 1 lb. K/40.3 lb. air = 41.3 lb. thrust @ 1000°F. 

AHto = 3.45(1)(1000) + 0.46(8/0.18)(1000) + 0.46(lb. H 2 O)(1000) + 974(lb. H 2 0) 
51,571 = 3450 + 20,444 + 1434(lb. H 2 0), H 2 0 cooling = 19.3 lb., Air = 8/0.18 = 44.4 lb. 

lb. H 2 /44.4 lb. air/19.3 lb. H 2 0 = 64.7 lb. thrust (Requires 10% air increase @ 1000°F). 

H 2 w/air cooling, 0.37 lb. H 2 /39.22 lb. Air = 39.6 lb. Thrust 

Lb. thrust/lb. fuel: H 2 /Air = 39.6; Kerosene/Air = 41.3; H 2 /H 2 0 = 3.18 

Previous H z issues now obvious: H z w/air requires 30% more air. 

H 2 /air Engines Require Increased Air Compression to Balance Thermodynamics, e.g. about 
160% more air. 

Liquid 0 2 and H 2 0 supplement combustion at high altitudes, and 
H 2 0 & H 2 0/Air JtC Can Cool Exhaust Reducing Heat Trail. 
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WCT - WBT Showcase - Presentation Script 

1. Slide "1"- The Earth 

a. The Earth - Our Home. The Earth is mostly water; our bodies are mostly water. 
ClearValue's innovations improve our water, our air, our health, our world. 

b. Pure water and clean air are a ClearValue. ClearValue is the leader in water 
chemistry, bio-chemistry and thermodynamics. Wait 

2. Slide "2" - The Lake 

Wa/f- We are beginning to see shortages of pure water and clean air. These 
significant needs will change our world, one way or another. We can lead 
or be left behind. 

3. Slide "3" - Vision and Mission 

Water and hydrogen will be more important than any other resource in a few 
years. ClearValue has become a leader in water and in hydrogen technology. 
ClearValue is a technology company, innovating a new tomorrow. 

4. Slide "4" - Intellectual Property 

ClearValue has sustainable competitive advantage. ClearValue's patents 
have ClearValue poised for significant growth and investor return. 

5. Slide "5" - ClearValue 

ClearValue was founded in 1994. ClearValue has 6 divisions. Today we focus on 
combustion, ClearValue's hydrogen engine. Wait 

6. Slide "6" - Air Purity Issues 

Wait Before Katrina... Before the Inconvenient Truth... ClearValue knew what 
we all know now. Oxides of carbon, nitrogen and sulfur are ruining our home. 
If we do not, the oceans will rise and an ice age will form; we could be 
remembered as the "selfish generation". 

7. Slide "7" - Traditional Combustion - Hydrocarbons and Air 

Today, every $ of gasoline is $0.1 5 of power. Every $ of your electric bill is 
$0.25 to $0.35 of electricity from natural gas or coal... We can do better. Wait 

8. Slide "8" - The Water Combustion Technology, The WCT 

Wait- Water is the answer; a water engine works with, rather than against, 
the Earth. ClearValue's engine is pure water and 60% efficiency, a major 
improvement. ClearValue's engines are more powerful while having longer 
life. ClearValue's engines are more economical. 

Fuel cells are not the answer. Fuel cells: 1) Require platinum we do not have, 2) 
Are too expensive, 3) Produce NO x ; and 4) Do not provide that power, we all love. 
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Hydrogen and air are not the answer - 15% efficiency. And, hydrogen burns 
hotter converting more air to NOx, contaminating our home. 

9. Slide "9" - The WCT 

ClearValue's engine follows the first and the second laws of thermodynamics 
using equipment in use today. 

10. Slide "10" - The WCT Internal Combustion Engine 

1/3 engine size and 3 times the power. The radiator is replaced with a 
cryogenic unit producing pure oxygen and nitrogen from air. Pure oxygen to 
the engine. Cryogenic nitrogen to store hydrogen at cryogenic temperatures, 
thus eliminating the hydrogen storage challenge. 

1 1 . Slide "1 1 " - The WCT Power Plant 

Power Plants with no boilers, cooling towers, heat exchangers or emissions 
equipment. A Power Plant will simply be an air separator, a combustion 
turbine and steam turbines; 14 the equipment. Austin Energy confirms that a 
1 MW unit will fit on the bed of a tractor trailer. Wait 

12. Slide "12" - Jet Propulsion 

Wait- Airbus spent $1 Billion and failed; ClearValue has the solution. The 
challenge and the solution to a hydrogen jet engine are thermodynamic. At 3 
times the energy per pound, hydrogen provides greater distance and/or load 
carrying capacity. 

13. Slide "13" - Technology Development 

Due to ClearValue's "War with the French", ClearValue is in need of financial partners. 

14. Slide "14" - Business Development/Translation 

Wait Licensing is to be within current industries. All licenses are to have flow 
forward and flow back technology provisions. 

15. Slide "15" - Earth - Thank You! 

This is our home... We must take care of our home; better care will lead to 
change. ..Change leads to opportunity. ClearValue is a socially responsible 
technology and business which can be a ClearValue to all! 
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(57) ABSTRACT 

This invention presents improved combustion methods, sys- 
tems, engines and apparatus utilizing Hj, 0 2 and H 2 0 as 
fuel, thereby providing environmentally friendly combus- 
tion products, as well as improved fuel and energy manage- 
ment methods, systems, engines and apparatus. The Water 
Combustion Technology; WCT, is based upon water (H^O) 
chemistry, more specifically H 2 0 combustion chemistry and 
thermodynamics. WCT does not use any hydrocarbon fuel 
source, rather the WCT uses H 2 preferably with 0 2 and 
secondarily with air. The WCT significantly improves the 
thermodynamics of combustion, thereby significantly 
improving the efficiency of combustion, utilizing the first 
and second laws of thermodynamics. The WCT preferably 
controls combustion temperature with H 2 0 and secondarily 
with air in the combustion chamber. The WCT preferably 
recycles exhaust gas energy as fuel converted from water. 
The WCT minimizes external cooling loops and minimizes 
exhaust and/or exhaust energy, thereby maximizing avail- 
able work and internal energy while minimizing enthalpy 
and entropy losses. 


WCT Symboli in Flow Diagrams 


Symbol 

Description 

Notes 



Used to transfer Ew to at knst one of i flywheel and a 
generator. Clutch preferably engage* during periods 
of little to no work and disengaged during periods of 
work. Design and assembly to be as known in the art 


Flywheel 

Used to store rotational kinetic energy during periods 
of little to no work; rotational energy to be utilized 
during periods of work. 


u 

+ 

Generator 

Used to generate doctrica! energy. Generator can be 
of the type to generate an alternating current (A/Q, 
men is in power generation applications or a Dynamo 
to generate a direct current (D/Q to power 
eJectrorysit. A/C current can be turned into D/C with 
an A/C to D/C converter and D/C can be turned into 
A/C with a D/C to A/C converter. 






Electrolysis 

Electrolysis of HjO to Oj and H 2 it to be performed 
Electrolysis is to be performed by methods and 
systems known in the art of electrolysis. It is most 
preferred mat an electrolyte be present in the H20 to 
former electrolysis and the efficiency of electrolysis. 
It is preferred thai the electrolysis unit be cooled. 


ectroty 







Ais Line 

Line primarily eootaios air. 


0,Uae 
H 7 Line 

Line primarily contains Oj. 
Line primarily contains Ni. 


H,Line 
HiOIinu 

line primarily contains Hj. 
Line primarily contains HjO. 


Products Line 

Line primarily contains combustion products, 
preferably HjO, yet can be HjO and X. wherein X is 
Nj, COx end NO* and can contain SOx 


Coolant (Q Line 

Line symbol indicates flow of coolant, which is 
preferably used with electrolysis. C can be used with 
CE; however this is not preferred. C can be any type 
as is known in me art; coolant n preferred a mixture 
of witer. Rlvcol corrosion inhibitor and dicperttni. 


Control Line 

Hectical or pneumatic line. Electrical wire carrying 
a small current, preferably 4 to 20 mA. Pneumatic 
line may cany a jus and/or a liquid under pressure. 


Flow Transmitter 
A Control Valve 

Used in combination with control line ind controller 
(CONT.) to control flow of fuel snd/oc coolant (Q 

r 



1 

Coolant 
Radiator 

Used to release heat from coolant and pump back to 
heat source. Preferably used for electrolysis. 
Preferably used to cod oil for CE. It a not preferred 
to cool CE. 
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Figure 1 

WCT Symbols in Flow Diagrams and in Figures 1 through 23A 


Symbol 

Description 

Notes 

1 


Combustion 
Engine 

Lb can oe any comoiisuon aesign as is Known in tne 
art, i.e. internal combustion engine, turbine, furnace, 
etc. CE combines fuel and ignites fuel with a spark 
generation device. Fuel is most preferably 0 2 , H 2 and 
H 2 0. Fuel is preferably O2 and H 2 . Fuel can be used 
in combination with air. 

1 Combustion 
1 Engine 
d (CE) 

1 


Gas Compressor 

Used in Cryogenic Refrigeration. Designs are 
pienurui in mc an. compressor symoois. a — /\ir, 
Dl First Distillation, D2 = Second Distillation, Ol 
= O2, H 1 = H 2 , 0 = O2 Storage and H = H 2 Storage. 

> 

jouie- i nompson 
Expansion Valve 

1 wo lypcs arc nonnouy uscu in inc air — 
1 , An expansion valve, 2. A cylinder. 


Separation 
(Distillation 
Column) 

Diameter and Height dependent upon separation 
efficiency and loading. Separation efficiency 
dependent upon compounds separated and column 
packing. Distillation Temperatures are relative to 
Separation Operating Pressure. 
Depending on the desired O2 purity, the second 0 2 /N 2 
separation column is optional. 

|QX'fer | 

Heat Exchanger to 
cool compressed 
gases 

During normal operation, it is preferred that the waste 
N 2 is coolant. Depending upon design, upon start-up 
water may be necessary for an efficient start-up. 

o 

Cryogenic Storage 
Tank 

Tank is to be made of materials known in the art to 
withstand liquid cryogenic temperatures/pressure of 
O2 and/or H 2 . Tank may have refrigeration loop per 
Figure 13, which operates of off at least one of: the 

M\m V»i 1 of4 f\n Ait<*ifiA a Kof f j*i \j a-n/4 a ■filial r» p»l 1 

cuiiiuubuuii engine, a umxciy una a luci vcu. 

□ 

Turbine 

Depending upon application, turbine is to be turned by 
steam, air or water movement 
Turbine is preferred to generate electricity, preferably 
driving a generator and/or alternator. It is most 
preferred that the electricity performs electrolysis. 

El 

Pressure 
Controller 

Pressure controller am he of anv HecipTi as i«» known 

in the art. PC protects downstream equipment from 
pressure surges. In high pressure surge situations, PC 
vents to the atmosphere. 

Q 

Energy in the form 
of heat 

Energy is transferred (managed) during many 
methods, processes and systems of this invention. 


C 
O 
N 
T 


Fuel Mixture 
Controller 

H 2 , 0 2 , H 2 0, air bypass and engine coolant. 
Controller manages fuel mixture ratios. H 2 0 ratio in 
combustion is managed depending upon combustion 
temperature and/or engine temperature. Air bypass is 
to be managed depending upon O2 tank level. Engine 
coolant loop dependant on high engine temperature. 
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Figure 1A 

WCT Symbols in Flow Diagrams and in Figures 1 through 23A 


Symbol 

Description 

Notes 

• 


1 

Clutch 

Used to transfer Ew to at least one of a flywheel and a 
generator. Clutch preferably engages during periods 
of little to no work and disengaged during periods of 
work. Design and assembly to be as known in the art 


Flywheel 

Used to store rotational kinetic energy during periods 
of little to no work; rotational energy to be utilized 
during periods of work. 



+ 

Generator 

Used to generate electrical energy. Generator can be 
of the type to generate an alternating current (A/C), 
such as in power generation applications or a Dynamo 
to generate a direct current (D/C) to power 

f»|p>fftfmt\/cic A/f^ r»i i TTfti t ran Vu» fiirnfvt tntn r/Y/f until 
dvvuuijrdi?* /vv wtuiciii wail uc luium uiiu ui\s wiin 

an A/C to D/C converter and D/C can be turned into 
A/C with a D/C to A/C converter. 





Electrolysis 

Electrolysis of H 2 0 to 0 2 and H 2 is to be performed. 
Electrolysis is to be performed by methods and 
systems known in the art of electrolysis. It is most 
preferred that an electrolyte be present in the H20 to 
further electrolysis and the efficiency of electrolysis. 
It is preferred that the electrolysis unit be cooled. 

i 

|ectroIyj 

I 





Air Line 

Line primarily contains air. 


C^Line 

Line primarily contains O2. 


N 2 Line 

Line primarily contains N 2 . 

MM • MMB ■ • 

H 2 Line 
H 2 0 Line 

Line primarily contains H 2 . 
Line primarily contains H 2 0. 

« a mmmm ■ 

Products Line 

Line primarily contains combustion products, 
preferably H 2 0, yet can be H 2 0 and X, wherein X is 
N 2 , COx and NOx and can contain S Ox- 


Coolant (C) Line 

Lin c symbol indicates flow of coolant, which is 
preferably used with electrolysis. C can be used with 
CE; however this is not preferred. C can be any type 
as is known in the art; coolant is preferred a mixture 
of water, glycol corrosion inhibitor and dispersanL 


Control Line 

Electrical or pneumatic line. Electrical wire carrying 
a small current, preferably 4 to 20 mA. Pneumatic 
line may cany a gas and/or a liquid under pressure. 

m 

Flow Transmitter 
& Control Valve 

Used in combination with control line and controller 
(CONT.) to control flow of fuel and/or coolant (C) 

r 


Mil 

i 

Coolant 
Radiator 

Used to release heat from coolant and pump back to 
heat source. Preferably used for electrolysis. 
Preferably used to cool oil for CE. It is not preferred 
to cool CE. 
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Figure 19 
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WATER COMBUSTION TECHNOLOGY - 
METHODS, PROCESSES, SYSTEMS AND 
APPARATUS FOR THE COMBUSTION OF 
HYDROGEN AND OXYGEN 

RELATED APPLICATION DATA 

[0001] This application is a continuation of PCT/US 
03/11250 filed Apr. 10, 2003; this continuation claims pri- 
ority of PCT/US 03/11250 filed Apr. 10, 2003, of PCT/US 
03/41719 filed Feb. 14, 2003; of U.S. Provisional Patent 
Application Ser. No. 60/371,768 filed Apr. 11, 2002, of U.S. 
Provisional Patent Application Ser. No. 60/379,587 filed 
May 10, 2002 and of U.S. Provisional Patent Application 
Ser. No. 60/404,644 filed Aug. 19, 2002 and of U.S. Provi- 
sional Patent Application Ser. No. 60/447,880 filed Feb. 14, 
2003. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] This invention relates to improved combustion 
methods, processes, systems and apparatus, which provide 
environmentally friendly combustion products, as well as to 
fuel and energy management methods, processes, systems 
and apparatus for said improved combustion methods, pro- 
cesses, systems and apparatus. The combustion and/or fuel 
and/or energy management methods, processes, systems or 
apparatus (Water Combustion Technology, WCT) is based 
upon the chemistry of Water (H 2 0), incorporating Hydrogen 
(RJ and Oxygen (O^ as fuel, as well as Kfi and/or air as 
at least one of a heat sink and/or a fuel source. The WCT 
does not use a hydrocarbon as a fuel source, rather the WCT 
uses H 2 in combination preferably with 0 2 a secondarily 
with air. The primary product of the combustion of H 2 and 
0 2 is H 2 0. Further, in many embodiments the WCT sepa- 
rates H 2 0 into H 2 and 0 2 , thereby making H 2 0 an efficient 
method of storing fuel. 

[0003] As used herein, the term combustion can incorpo- 
rate any combustion method, system, process or apparatus, 
such a furnace, a combustion engine, an internal combustion 
engine, a turbine or any combustion system wherein 
mechanical, electrical or heat energy (heat energy can 
include thrust energy) is created. The discovered WCT 
contain embodiments wherein nitrogen (NJ or N 2 and 
Argon (At) is partially or totally removed from the fuel 
mixture to improve the energy output of combustion and/or 
reduce the pollution output of combustion. 

[0004] The discovered WCT relate to improved methods, 
processes, systems and apparatus for combustion that sig- 
nificantly improve the thermodynamics of combustion, 
thereby significantly improving the efficiency of combus- 
tion. Further, the discovered WCT relate to improved meth- 
ods, processes, systems and apparatus for combustion 
wherein H 2 0 is added to the fuel mixture to control the 
combustion temperature, thereby utilizing H 2 0 during com- 
bustion as a heal sink. The WCT incorporate embodiments 
wherein steam produced by combustion and/or the cooling 
of combustion: 1) maintains the power output of combus- 
tion, 2) provides melbod(s) of energy transfer and 3) pro- 
vides an efficient method of energy recycle. Steam presents 
a reusable energy source in the exhaust, both from the 
available kinetic and the available heat energy, as well as the 
conversion of said steam into H 2 and/or 0 2 . 


[0005] Incorporating H 2 0 into the fuel mixture with the 
intent of minimizing or excluding N 2 , or N 2 and Ar from the 
fuel mixture culminates in a fuel mixture that is/are at least 
one of: 0 2 , H 2 and H 2 0; 0 2 , H 2 , H 2 0 and N 2 ; 0 2 , H 2 , H 2 0, 
N 2 and Ar; 0 2 , H 2> H 2 0 and air; H 2 , H 2 0 and air; and H 2 
with excess air wherein said excess air is used to control 
combustion temperature. As used herein, the fuel mixture in 
the WCT is defined to incorporate either: 0 2 and H 2 ; 0 2 , H 2 
and N 2 ; 0 2 , H 2 and Ar; 0 2 , H 2 and air; 0 2 , H 2 and H 2 0; 0 2 , 
H 2 , H 2 0 and N 2 ; H 2 , H 2 0, N 2 and Ar; 0 2 , H 2 , H 2 0 and air; 
H 2 , H 2 0 and air; or VL^ and excess air. 

[0006] The discovered WCT relate to methods, processes, 
systems and apparatus of generating electricity. Four meth- 
ods, processes, systems and apparatus of generating elec- 
tricity are discovered. The first places a steam turbine in the 
exhaust of the combustion engine, wherein said steam 
turbine is driven by said steam produced in combustion; said 
steam turbine turning a generator (the term generator is used 
herein to define either an alternator or a dynamo), wherein 
at least a portion of said steam energy is converted into said 
electrical energy. The second places a generator on the 
mechanical energy output of a combustion engine, wherein 
at least a portion of said mechanical energy is converted by 
said generator into electrical energy. The third incorporates 
a physical system of focusing air and/or water currents onto 
a generator or dynamo, wherein said generator or dynamo is 
driven by said moving air or water to generate electrical 
energy. The fourth uses a photovoltaic cell to generate 
electrical energy. 

[0007] It is discovered to use at least a portion of said 
electrical energy for the electrolytic generation of H 2 0 into 
0 2 and H 2 . If a dynamo is used, at least a portion of the 
dynamo D/C current is used for electrolysis; if an alternator 
is used an A/C to D/C converter preferably converts at least 
a portion of the alternating current into direct current for 
electrolysis. It is further discovered and preferred to utilize 
at least one of said electrolysis generated 0 2 and/or H 2 as 
fuel in the WCT. 

[0008] The discovered WCT further relate to methods, 
processes, systems and apparatus for separating 0 2 from air. 
Three are discovered. By the first, 0 2 is separated utilizing 
energy available from said WCT to power a cryogenic 
distillation system, wherein air is chilled and distilled into 
O and N 2 . By the second, air is separated producing 0 2 
utilizing membranes; said membranes can be of either 
organic (polymer) construction or of inorganic (ceramic) 
construction. By the third, air is separated producing 0 2 
utilizing Pressure Swing Adsorption (PSA). While the sepa- 
ration of air into 0 2 and N 2 can have many degrees of 
separation efficiency, it is to be understood that the term 0 2 
as used herein is to mean at least enriched 0 2 , wherein the 
0 2 concentration is at least 40 percent; preferably pure 0 2 , 
wherein the 0 2 concentration is at least 80 percent; and most 
preferably very pure 0 2 , wherein the 0 2 concentration is at 
least 90 percent. 

[0009] The discovered WCT further relate to methods, 
processes, systems and apparatus of metal catalysis, wherein 
said steam produced in the WCT is converted into H 2 and 
metal oxides, as part of a catalyst system. It is further 
discovered and preferred that at least a portion of said H 2 be 
used as a fuel in the WCT. As used herein, the term metal 
catalysis is to mean any metal or combination of metals in 
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the periodic table, wherein the metal or combination of 
metals will convert the H 2 0 within steam or water vapor into 
the corresponding metal oxide(s) and H 2 . 

BACKGROUND OF THE INVENTION 

[0010] Mankind, has over the centuries, provided many 
forms of energy and many forms of transportation. In the 
modern capitalistic economy, the availability of energy is 
important to literally "fuel" the economic engine, which 
heats homes, provides electricity, powers lights, powers 
transportation and powers manufacturing facilities, etc. The 
availability of energy is especially important in the trans- 
portation of goods and people. During the 19 'th and 20* th 
centuries mankind developed fossil fuels into reliable and 
inexpensive fuels for many uses including transportation, 
powering factories, generating electricity and generating 
heat. During the 20' th century, the use of fossil fuels 
increased to such an extent as to cause the combustion 
products of fossil fuels to be a major source of air and water 
pollution. 

[0011] It must be understood and appreciated that most 
fossil fuel combustion systems have an efficiency that is less 
than 40 percent and that the internal combustion engine has 
an efficiency of less than 20 percent. These very poor results 
are a direct consequence of the thermodynamics of com- 
bustion. Current combustion systems significantly increase 
entropy, releasing entropy as well as enthalpy, to their 
surroundings. This is because it is very difficult for fossil 
fuel combustion systems to manage temperature without 
significant entropy and enthalpy losses to their environment; 
these losses are exhibited as exhaust gases and heat losses to 
the environment. In summary, the first and second laws of 
thermodynamics are a liability to fossil fuel combustion 
systems. 

[0012] Hydrocarbon(s) have been used in combination 
with air as fuel for combustion. The hydrocarbons utilized 
have been petroleum distillates such as gasoline, diesel, fuel 
oil, jet fuel and kerosene, or fermentation distillates such as 
methanol and ethanol, or naturally occurring substances 
such as methane, ethane, propane, butane, coal and wood. 
The combustion of fossil fuel(s) does not work in concert 
with nature. The products of fossil fuels were thought to 
work in concert with nature's oxygen -carbon cycle. 


CnH^ + (1.50+1/2)02 ^ nC0 2 + (n+^HjO + Energy 


[0013] More specifically: 


gasoline (n-Octanc) CgHjg + 12-l/20 2 - 8C0 2 + 9H2O + 

1,300 kcal 

natural gas(methane) CH« + 20 2 CQ 2 + 2H& + 

213 kcal 


[0014] Oxides of carbon (CO*, CO and/or COj) are pro- 
duced by the combustion of fossil fuels. This production in 
combination with significant deforestation has left plant life 
incapable of converting enough of the manmade C0 2 back 


into O . CO, an incomplete combustion by-product, is toxic 
to all human, animal and plant life. Global warming is a 
result of a buildup of CO x in the Earth's atmosphere. The 
combustion of air also creates oxides of Nitrogen (N), 
converting a portion of the N 2 to NO x (NO, N0 2 and/or 
N0 3 ). NO x is toxic to all human, animal and plant life. NO x 
is known to inhibit photosynthesis, which is nature's bio- 
chemical pathway of converting C0 2 back into 0 2 . The 
formation of NO x is endo thermic, thereby lessening com- 
bustion efficiency. Further, NO x reacts with 0 2 in the atmo- 
sphere to produce ozone (0 3 ). 0 3 is toxic to all human, 
animal and plant life. 0 3 should only exist in higher levels 
of the atmosphere, wherein 0 3 is naturally created from 0 2 . 
In the higher levels of the atmosphere 0 3 protects all human, 
animal and plant life from the harmful rays of the sun. 
Lastly, liquid and solid fossil fuels naturally contain sulfur 
(S) as a contaminant. In combustion, S is oxidized to SO x 
(S0 2 , S0 3 and/or S0 4 ). SO x are toxic to all human, animal 
and plant life. CO x , NO x and SO x react with water in the air 
to form acids of CO x , NO x and/or SO x , which literally rain 
acids upon the earth. In summary, CO x , NO x , SO x and 0 3 
in the air adversely affect the health of all human, animal and 
plant life. An environmentally acceptable alternative to 
fossil fuels would be a fuel system that does work in concert 
with nature. Such a system would not produce CO x , NO x or 
SO x , and thereby not generate 0 3 . 

[0015] There has been much done mechanically and 
chemically to combat the environmental issues associated 
with hydrocarbon combustion. As an example, industrial 
facilities are outfitted with expensive scrubber systems 
whenever the politics demand the installation and/or the 
business supports the installation. As another example, the 
internal combustion engine has been enhanced significantly 
to make the engine more fuel efficient and environmentally 
friendly. Even with enhancement, the internal combustion 
engine is only approximately 20 percent efficient and the gas 
turbine/steam turbine system is only approximately 30 to 40 
percent efficient. As depicted in FIG. 2, the internal com- 
bustion engine looses as a percentage of available energy 
fuel value: 1) approximately 35 percent in the exhaust, 2) 
approximately 35 percent in cooling, 3) approximately 9 
percent in friction, and 4) only 1 percent due to poor 
combustion performance, leaving the engine approximately 
20 percent efficient. 

[0016] Hydrocarbon fuels have been modified with addi- 
tives to minimize the formation of either CO x or NO x . 
However, with all of the scrubber modifications, engine 
modifications and fuel modifications, the Earth is struggling 
to deal with manmade pollutants that originate from hydro- 
carbon combustion systems. In addition to the environmen- 
tal issues, availability and dependability of large quantities 
of petroleum hydrocarbons has become a geopolitical issue. 

[0017] There have been many previous attempts to pro- 
duce a combustion engine that would operate on air and H 2 . 
Those attempts had as difficulties: the high temperature of 
combustion, increased NO x formation at higher combustion 
temperatures, storage capacity for large enough quantities of 
H 2 and cost of operation. Jet propulsion applications had as 
difficulties: high combustion temperatures, lack of available 
thrust and a lower altitude propulsion limit than kerosene. As 
compared to hydrocarbons, the combustion of H 2 occurs 
with H 2 having three times the available combustion energy 
per pound; in addition H 2 is much less dense than hydro- 
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carbons, this density difference is significant in both in the 
available gas and in the cryogenically stored liquid form. H 2 
is a gas at atmospheric pressure. H 2 is not a liquid until the 
temperature is lowered to near -430° F.; therefore, storage 
equipment for H 2 need to either be able to withstand high 
pressure, cryogenic temperatures or both. Such storage 
equipment for large volumes of H 2 becomes economically 
impractical. 

[0018] Historically and currently it has been believed that 
the electric motor is the solution to finding an environmen- 
tally friendly energy source. However, this concept has 
deficiencies in that the electrical energy required to power an 
electric motor must be created and stored. Electrical energy 
is created with either: 1) hydrocarbon combustion/steam 
generation processes, 2) photovoltaic generation processes, 
3) water driven generation processes, 4) windmill driven 
generation processes or 5) nuclear generation/steam driven 
generation processes. While the photovoltaic process is 
environmentally friendly, the photovoltaic process is not 
reliable or effective enough in many applications to replace 
the combustion engine. While the water driven (water 
wheel) generation process is environmentally friendly, the 
water driven generation process is a geographically limited 
energy source. While the windmill driven generation process 
is environmentally friendly, wind is a limited non-reliable 
resource. While the nuclear generation/steam driven genera- 
tion process is environmentally friendly, concerns over the 
safety of such installations have limited applications. 

[0019] Commercialization of the electric car has been 
limited due to electrical energy cost and the electrical energy 
mass storage requirement being so massive that under the 
best of circumstances the electric car must be limited to short 
distances or supplemented with an internal combustion 
engine. 

[0020] Previous and current attempts to produce a fuel cell 
that would operate on H 2 and air, as well as hydrocarbons 
and air are showing promising results. However, the capital 
investment to power output ratio for fuel cells is 400 to 500 
percent of that same investment for traditional combustion 
systems. Also, the required maintenance of fuel cells 
increases the cost of operation. In addition, fuel cells require 
Platinum; there is not enough Platinum in the Earth's crust 
for one year's automotive production, much less enough for 
the energy needs of the world. Lastly, in transportation the 
fuel cell does not have the same "feel" as the internal 
combustion engine, which may lead to acceptance chal- 
lenges. Previous attempts to replace or reduce the power of 
the internal combustion engine have failed due to market 
acceptance. Auto enthusiasts have come to enjoy and expect 
the "feel" and power of the internal combustion engine. 

[0021] Previous work to develop a combustion engine that 
would operate on fuel(s) other than hydrocarbon(s) can be 
referenced in U.S. Pat. No. 3,884,262, U.S. Pat. No. 3,982, 
878, U.S. Pal. No. 4,167,919, U.S. Pat. No. 4,308,844, U.S. 
Pat. No. 4,599,865 U.S. Pat. No. 5,775,091, U.S. Pat. No. 
5,293,857, U.S. Pat. No. 5,782,081, U.S. Pal. No. 5,775,091 
and U.S. Pat. No. 6,290,184. The closest work is U.S. Pal. 
No. 6,289,666 Bl. While each of these patents present 
improvements in combustion technology, each leaves issues 
that have left the commercialization of such a combustion 
engine impractical. 


[0022] While there are many methods to prepare 0 2 , the 
separation of air into its component gases is industrially 
performed by three methods: cryogenic distillation, mem- 
brane separation and PSA. 

[0023] There are many methods and processes utilized for 
cryogenic refrigeration, which is a component of cryogenic 
distillation. A good reference of cryogenic refrigeration 
methods and processes known in the art would be "Cryo- 
genic Engineering," written by Thomas M. Flynn and 
printed by Dekker. As written by Flynn, cryogenic refrig- 
eration and liquefaction are the same processes, except 
liquefaction takes off a portion of the refrigerated liquid 
which must be made up, wherein refrigeration all of the 
liquid is recycled. All of the methods and processes of 
refrigeration and liquefaction are based upon the same basic 
refrigeration principals, as depicted in Flow Diagram 1. 


Reject Heat 
Qh,T h 


Work Done 
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Ql,t l 


Power 


Flow Diagram 1 


[0024] As written by Flynn, there are many ways to 
combine the few components of work (compression), reject- 
ing heat, expansion and absorbing heat. There exist in the art 
many methods and processes of cryogenic refrigeration, all 
of which can be adapted for cryogenic liquefaction. A listing 
of .those refrigeration cycles would include: Joule Thomp- 
son, Stirling, Bray ton, Claude, Lindc, Hampson, Postle, 
Ericsson, Gifford-McMahon and Vuilieumier. As written by 
Flynn, "There are as many ways to combine these few 
components as there are engineers to combine them." (It is 
important to note, as is known in the art, that H 2 has a 
negative Joule-Thompson coefficient until temperatures of 
approximately 350 R are obtained.) 

[0025] Conventional cryogenic air distillation processes 
that separate air into 0 2 , Ar and N 2 are commonly based on 
a dual pressure cycle. Air is first compressed and subse- 
quently cooled. Cooling may be accomplished by one of 
four methods: 1 — Vaporization of a liquid, 2 — The Joule 
Thompson Effect (which performs best when augmented 
with method 3), 3 — Counter-current heat exchange with 
previously cooled warming product streams or with exter- 
nally cooled warming product streams and A — The expan- 
sion of a gas in an engine doing external work. The cooled 
and compressed air is usually introduced into two fraction- 
ating zones. The first fractionating zone is thermally linked 
with a second fractionating zone which is at a lower pres- 
sure. The two zones are thermally linked such that a con- 
denser of the first zone reboils the second zone. The air 
undergoes a partial distillation in the first zone producing a 
substantially pure N 2 fraction and a liquid fraction that is 
enriched in 0 2 . The enriched 0 2 fraction is an intermediate 
feed to the second fractionating zone. The substantially pure 
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liquid N 2 from the first fractionating zone is used as reflux 
at the top of the second fractionating zone. In the second 
fractionating zone separation is completed, producing sub- 
stantially pure 0 2 from the bottom of the zone and substan- 
tially pure N 2 from the top. When Ar is produced in the 
conventional process, a third fractionating zone is employed. 
The feed to this zone is a vapor fraction enriched in Ar which 
is withdrawn from an intermediate point in the second 
fractionating zone. The pressure of this third zone is of the 
same order as that of the second zone. In the third fraction- 
ating zone, the feed is rectified into an Ar rich stream which 
is withdrawn from the top, and a liquid stream which is 
withdrawn from the bottom of the third fractionating zone 
and introduced to the second fractionating zone at an inter- 
mediate point. Reflux for the third fractionating zone is 
provided by a condenser which is located at the top. In this 
condenser, Ar enriched vapor is condensed by heat exchange 
from another stream, which is typically the enriched 0 2 
fraction from the first fractionating zone. The enriched 0 2 
stream then enters the second fractionating zone in a par- 
tially vaporized state at an intermediate point, above the 
point where the feed to third fractionating zone is with- 
drawn. 

[0026] The distillation of air, a ternary mixture, into N 2 , 
O and Ar may be viewed as two binary distillations. One 
binary distillation is the separation of the high boiling point 
0 2 from the intermediate boiling point Ar. The other binary 
distillation is the separation of the intermediate boiling point 
Ar from the low boiling point N 2 . Of these two binary 
distillations, the former is more difficult, requiring more 
reflux and/or theoretical trays than the latter. Ar — 0 2 sepa- 
ration is the primary function of third fractionating zone and 
the bottom section of the second fractionating zone below 
the point where the feed to the third zone is withdrawn. 
N 2 — Ar separation is the primary function of the upper 
section of the second fractionating zone above the point 
where the feed to the third fractionating zone is withdrawn. 

[0027] The ease of distillation is also a function of pres- 
sure. Both binary separations become more difficult at 
higher pressure. This fact dictates that for the conventional 
arrangement the optimal operating pressure of the second 
and third fractionating zones is at or near the minimal 
pressure of one atmosphere. For the conventional arrange- 
ment, product recoveries decrease substantially as the oper- 
ating pressure is increased above one atmosphere mainly 
due to the increasing difficulty of the Ar — 0 2 separation. 
There are other considerations, however, which make 
elevated pressure processing attractive. Distillation column 
diameters and heat exchanger cross sectional areas can be 
decreased due to increased vapor density. Elevated pressure 
products can provide substantial compression equipment 
capital cost savings. In some cases, integration of the air 
separation process with a power generating gas turbine is 
desired. In these cases, elevated pressure operation of the air 
separation process is required. The air feed to the first 
fractionating zone is at an elevated pressure of approxi- 
mately 10 to 20 atmospheres absolute. This causes the 
operating pressure of the second and third fractionating 
zones to be approximately 3 to 6 atmospheres absolute. 
Operation of the conventional arrangement at these pres- 
sures results in very poor product recoveries due to the 
previously described effect of pressure on the ease of sepa- 
ration. 


[0028] As used herein: the term "indirect heat exchange" 
means the bringing of two fluid streams into heat exchange 
relation without any physical contact or intermixing of the 
fluids with each other; the term "air" means a mixture 
comprising primarily N 2 , 0 2 and Ar; the terms "upper 
portion" and "lower portion" mean those sections of a 
column respectively above and below the midpoint of the 
column; the term "tray" means a contacting stage, which is 
not necessarily an equilibrium stage, and may mean other 
contacting apparatus such as packing having a separation 
capability equivalent to one tray; the term "equilibrium 
stage" means a vapor-liquid contacting stage whereby the 
vapor and liquid leaving the stage are in mass transfer 
equilibrium, e.g. a tray having 100 percent efficiency or a 
packing element height equivalent to one theoretical plate 
(HETP); the term "top condenser" means a heat exchange 
device which generates column downflow liquid from col- 
umn top vapor; the term "bottom reboiler" means a heat 
exchange device which generates column upflow vapor from 
column bottom liquid. (A bottom reboiler may be physically 
within or outside a column. When the bottom reboiler is 
within a column, the bottom reboiler encompasses the 
portion of the column below the lowermost tray or equilib- 
rium stage of the column.) 

[0029] While it is well known in the chemical industry that 
the cryogenic distillation of air into 0 2 and N 2 is the most 
economical pathway to produce these elemental diatomic 
gases, it has not been proposed to utilize this industrial 
process to either: distill along with 0 2 and N 2 , fuel the 
combustion of 0 2 with H 2 with 0 2 from cryogenic distilla- 
tion and/or utilize the energy of the combustion of 0 2 with 
H 2 to power the cryogenic distillation of air. Previous work 
performed to separate air into its components can be refer- 
enced in U.S. Pat. No. 4,112,875; U.S. Pat. No. 5,245,832; 
U.S. Pat. No. 5,976,273; U.S. Pat. No. 6,048,509; U.S. Pat. 
No. 6,082,136; U.S. Pat. No. 6,298,668 and U.S. Pat. No. 
6,333,445. 

[0030] It is also well known in many industries to separate 
air with membranes. Two general types of membranes are 
known in the art: organic polymer membranes and inorganic 
membranes. These membrane separation processes are 
improved by setting up an electric potential across a mem- 
brane that has been designed to be electrically conductive. 
While many of these processes are well known and estab- 
lished, it has not been proposed to utilize either of these 
processes to fuel the combustion of 0 2 with H 2 or to utilize 
the energy of the combustion of 0 2 with H 2 to power the 
membrane separation of air. Previous work performed to 
separate air into its components with membranes can be 
refereoced in U.S. Pat. No. 5,599,383; U.S. Pat. No. 5,820, 
654; U.S. Pat. No. 6,277,483; U.S. Pat. No. 6,289,884; U.S. 
Pat. No. 6,298,664; U.S. Pat. No. 6,315,814; U.S. Pat. No. 
6^21,915; U.S. Pat. No. 6,325,218; U.S. Pat. No. 6340,381; 
U.S. Pat. No. 6,357,601; U.S. Pat. No. 6,360324; U.S. Pat. 
No. 6,361382; U.S. Pat. No. 6,361383 and U.S. Pat. No. 
6,372,020. 

[0031] It is also known to separate air into 0 2 and N 2 with 
PSA. However, it has not been proposed to utilize PSA to 
fuel the combustion of 0 2 with or to utilize the energy of 
the combustion of 0 2 with H 2 to power PSA separation of 
air. Previous work performed to separate air into its com- 
ponents with PSA can be referenced in U.S. Pat. No. 
3,140,931; U.S. Pat. No. 3,140,932; U.S. Pat. No. 3,140,933; 
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U.S. Pat. No. 3,313,091; U.S. Pat. No. 4,481,018; U.S. Pat. 
No. 4,557,736; U.S. Pat. No. 4,859,217; U.S. Pat. No. 
5,464,467; U.S. Pat. No. 6,183,709 and U.S. Pat. No. 
6,284,201. 

[0032] The discovered WCT relate to chemical methods, 
processes, systems and apparatus for producing H 2 from 
steam, since steam is the physical state of the water product 
from the WCT. Previous work in this field has focused on 
refinery or power plant exhaust gases; none of that work 
discusses the separation of H 2 0 back into H 2 . Previous work 
performed to utilize the products of hydrocarbon combus- 
tion from an internal combustion engine can be referenced 
in U.S. Pat. No. 4,003,343. Previous work in corrosion is in 
the direction of preventing corrosion instead of encouraging 
corrosion, yet can be referenced in U.S. Pat. No. 6,315,876, 
U.S. Pal. No. 6,320,395, U.S. Pat. No. 6,331,243, U.S. Pat, 
No. 6^46,188, U.S. Pat. No. 6,348,143 and U.S. Pat. No. 
6,358,397. 

[0033] The discovered WCT relate to electrolytic meth- 
ods, processes, systems and apparatus to electro -chemically 
convert H 2 0 into 0 2 and H 2 . While there have been 
improvements in the technology of electrolysis and there 
have been many attempts to incorporate electrolysis with a 
combustion engine, wherein the hydrocarbon fuel is supple- 
mented by H 2 produced by electrolysis, there has been no 
work with electrolysis to fuel a combustion engine wherein 
electrolysis is a significant source of 0 2 and H 2 . Previous 
work in electrolysis as electrolysis relate to combustion 
systems can be referenced in U.S. Pat. No. 6,336,430, U.S. 
Pat. No. 6,338,786, U.S. Pat. No. 6,361,893, U.S. Pat. No. 
6^65,026, U.S. Pat. No. 6,635,032 and U.S. Pal. No. 
4,003,035. 

[0034] The discovered WCT relate to the production of 
electricity. The mechanical energy for a mechanically driven 
electrical generation device, which can be a generator or an 
alternator, is produced by the fuel(s) of the WCT. In addi- 
tion, the steam energy for a steam driven generator is 
produced by the fuel(s) of the WCT; the WCT Engine 
exhaust steam energy may drive a steam turbine, thereby 
driving a generator creating an electrical current. Further, 
said exhaust gas, H 2 0, minimizes environmental equipment. 
The discovered WCT presents a combustion turbine, 
wherein the exhaust gas is at least primarily if not totally 
H 2 0 or H 2 0 and air. While there has been much work in the 
design of steam turbines, in all cases the steam for the steam 
turbine is generated by heat transfer, wherein said heat for 
heat transfer is created by nuclear fission or hydrocarbon 
combustion. The concept of utilizing a steam turbine in the 
direct exhaust of a combustion engine or to recycle energy 
within a combustion engine, especially to create electricity 
for the electrolytic conversion of H 2 0 into 0 2 and H 2 is new 
and novel. Previous work in steam turbine generation tech- 
nology or engine exhaust turbine technology can be refer- 
enced in: U.S. Pat. No. 6,100,600, U.S. Pat. No. 6,305,901, 
U.S. Pat. No. 6,332,754, U.S. Pat. No. 6,341,941, U.S. Pat. 
No. 6,345,952, U.S. Pat. No. 4,003,035, U.S. Pat. No. 
6^98,651, U.S. Pat. No. 6,354,798, U.S. Pat. No. 6,357,235, 
U.S. Pat. No. 6,358,004 and U.S. Pat. No. 6,363,710, the 
closest being U.S. Pat. No. 4,094,148 and U.S. Pat. No. 
6386,315 Bl. 

[0035] The discovered WCT relate to air and water driven 
turbine technologies to create electricity. Air or water driven 


turbine electrical generation technology would be applicable 
to combustion systcm(s) utilizing the discovered WCT, 
wherein: there is a reliable source of moving air and/or 
water. While a moving source of air or a moving source of 
water may be an excellent source of electrical power gen- 
eration to fuel the electrolysis of ^O, the concept of either: 
the use of said electrolysis to fuel the discovered WCT or of 
a windmill or waterwheel to power said electrolysis in order 
to fuel the discovered WCT is novel. Previous work in wind 
driven generator technology can be referenced in U.S. Pat. 
No. 3,995,972, U.S. Pat. No. 4,024,409, U.S. Pat. No. 
5,709,419, U.S. Pat. No. 6,132,172, U.S. Pat. No. 6,153,944, 
U.S. Pat. No. 6,224,338, U.S. Pat. No. 6,232,673, U.S. Pat. 
No. 6,239,506, U.S. Pat. No. 6,247,897, U.S. Pat. No. 
6,270308, U.S. Pat. No. 6,273,680, U.S. Pat. No. 293,835, 
U.S. Pat. No. 294,844, U.S. Pat. No. 6302,652, U.S. Pat. 
No. 6,323,572, and U.S. Pat. No. 6,635,981. 

[0036] The discovered WCT relate to photovoltaic meth- 
ods, processes, systems and apparatus to create electricity, 
wherein said electricity is used to create at least one of H 2 
and 0 2 , wherein said H 2 and/or said 0 2 is used as a fuel in 
said WCT. There are many methods, processes, systems and 
apparatus for the photovoltaic production of electricity, as is 
known in the art. There are many methods, systems and 
processes wherein a photovoltaic cell is used to create 
electricity for the electrolytic separation of H 2 0 into H 2 and 
0 2 , wherein the H 2 is used in a fuel cell. Previous work in 
photovoltaic cells in relation to the production of H 2 can be 
referenced in: U.S. Pat. No. 5,797,997, U.S. Pat. No. 5,900, 
330, U.S. Pat. No. 5,986,206, U.S. Pat. No. 6,075,203, U.S. 
Pat. No. 6,128,903, U.S. Pat. No. 6,166,397, U.S. Pat. No. 
6,172,296, U.S. Pat. No. 6,211,643, U.S. Pat. No. 6,214,636, 
U.S. Pat. No. 6,279,321, U.S. Pat. No. 6372,978, U.S. Pat. 
No. 6,459,231, U.S. Pat. No. 6,471,834, U.S. Pat. No. 
6,489,553, U.S. Pat. No. 6,503,648, U.S. Pat. No. 6,508,929, 
U.S. Pat. No. 6315,219 and U.S. Pat. No. 6315,283. None 
of the previous work describes or suggests the use of a 
photovoltaic cell in combination with said WCT. 

[0037] The discovered WCT relate to methods of control- 
ling corrosion, scale and deposition in water applications. 
U.S. Pat. No. 4,209,398 issued to Ii, et al., on Jun. 24, 1980 
presents a process for treating water to inhibit formation of 
scale and deposits on surfaces in contact with the water and 
to minimize corrosion of the surfaces. The process com- 
prises mixing in the water an effective amount of water 
soluble polymer containing a structural unit that is derived 
from a monomer having an ethylenically unsaturated bond 
and having one or more carboxyl radicals, at least a part of 
said carboxyl radicals being modified, and one or more 
corrosion inhibitor compounds selected from the group 
consisting of inorganic phosphoric acids and water soluble 
salts therefore, phosphonic acids and water soluble salts 
thereof, organic phosphoric acids and water soluble salts 
thereof, organic phosphoric acid esters and water-soluble 
salts thereof and polyvalent metal salts, capable of being 
dissociated to polyvalent metal ions in water. The Ii patent 
does not discuss or present systems of electrolysis or of 
combustion. 

[0038] U.S. Pat. No. 4,442,009 issued to O'Leary, et al., 
on Apr. 10, 1984 presents a method for controlling scale 
formed from water soluble calcium, magnesium and iron 
impurities contained in boiler water. The method comprises 
adding to the water a chela nt and water soluble salts thereof, 
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a water soluble phosphate salt and a water soluble poly 
methacrylic acid or water soluble salt thereof. The O'Leary 
patent does not discuss or present systems of electrolysis or 
of combustion. 

[0039] U.S. Pat. No. 4,631,131 issued to Cuisia, et al., on 
Dec. 23, 1986 presents a method for inhibiting formation of 
scale in an aqueous steam generating boiler system. Said 
method comprises a chemical treatment consisting essen- 
tially of adding to the water in the boiler system scale- 
inhibiting amounts of a composition comprising a copoly- 
mer of maleic acid and alkyl sulfonic acid or a water soluble 
salt thereof, hydroxylethylidenel, 1-diphosphic acid or a 
water soluble salt thereof and a water soluble sodium 
phosphate hardness precipitating agent. The Cuisia patent 
does not discuss or present systems of electrolysis or of 
combustion. 

[0040] U.S. Pat. No. 4,640,793 issued to Persinski, et al., 
on Feb. 3, 1987 presents an admixture, and its use in 
inhibiting scale and corrosion in aqueous systems, compris- 
ing: (a) a water soluble polymer having a weight average 
molecular weight of less than 25,000 comprising an unsat- 
urated carboxylic acid and an unsaturated sulfonic acid, or 
their salts, having a ratio of 1:20 to 20:1, and (b) at least one 
compound selected from the group consisting of water 
soluble polycarboxylates, phosphonates, phosphates, poly- 
phosphates, metal salts and sulfonates. The Persinski patent 
presents chemical combinations which prevent scale and 
corrosion; however, the Persinski patent does not address 
electrolysis or combustion. 

SUMMARY OF THE INVENTION 

[0041] A primary object of the invention is to devise 
environmentally friendly, effective, efficient and economi- 
cally feasible combustion methods, processes, systems and 
apparatus. 

[0042] Another object of the invention is to devise envi- 
ronmentally friendly, effective, efficient and economically 
feasible combustion methods, processes, systems and appa- 
ratus for an internal combustion engine. 

[0043] Another object of the invention is to devise envi- 
ronmentally friendly, effective, efficient and economically 
feasible combustion methods, processes, systems and appa- 
ratus for electrical energy generation. 

[0044] Another object of the invention is to devise envi- 
ronmentally friendly, effective, efficient and economically 
feasible combustion methods, processes, systems and appa- 
ratus for jet propulsion. 

[0045] Another object of the invention is to devise effec- 
tive, efficient and economically feasible combustion meth- 
ods, processes, systems and apparatus that do not produce 
oxides of carbon. 

[0046] Another object of the invention is to devise effec- 
tive, efficient and economically feasible combustion meth- 
ods, processes, systems and apparatus that minimize the 
production of oxides of nitrogen. 

[0047] Another object of the invention is to devise effec- 
tive, efficient and economically feasible fuel system for an 
environmentally friendly, effective and efficient combustion 
methods, processes, systems and apparatus. 


[0048] Another object of the invention is to devise effec- 
tive, efficient and economically feasible fuel methods, pro- 
cesses, systems and apparatus for environmentally friendly, 
effective and efficient internal combustion engines. 

[0049] Another object of the invention is to devise effec- 
tive, efficient and economically feasible fuel methods, pro- 
cesses, systems and apparatus for environmentally friendly, 
effective and efficient electricity production. 

[0050] Another object of the invention is to devise effec- 
tive, efficient and economically feasible fuel methods, pro- 
cesses, systems and apparatus for environmentally friendly, 
effective and efficient heat generation. 

[0051] Another object of the invention is to devise effec- 
tive, efficient and economically feasible combustion meth- 
ods, processes, systems and apparatus that includes hydro- 
gen and oxygen or hydrogen and air or hydrogen and oxygen 
and air, wherein the temperature of combustion is controlled 
so that economical materials of construction for a combus- 
tion engine can be used. 

[0052] Another object of the invention is to devise effec- 
tive, efficient and economically feasible methods, processes, 
systems and apparatus of increasing the efficiency of com- 
bustion. 

[0053] Another object of the invention is to devise effec- 
tive, efficient and economically feasible electrolytic meth- 
ods, processes, systems and apparatus to convert water into 
oxygen and/or hydrogen utilizing the energy available from 
combustion. 

[0054] Another object of the invention is to devise effec- 
tive, efficient and economically feasible catalytic methods, 
processes, systems and apparatus for the conversion of 
stream into hydrogen, wherein the steam is produced by a 
combustion engine that is fueled by at least one of: oxygen, 
hydrogen and water; oxygen, hydrogen, water and nitrogen; 
oxygen, hydrogen, water and air; hydrogen, water and air. 

[0055] Additional objects and advantages of the invention 
will be set forth in part in a description which follows and 
in part will be obvious from the description, or may be 
learned by practice of the invention. 

[0056] An improved environmentally friendly process to 
create energy over that of the combustion of fossil fuels 
would be a process that does not produce a product of which 
the earth would have to naturally remove or convert. H 2 0 is 
a product which could perform such a task. The Earth is 
covered mostly by water. Water is made by the combustion 
of 0 2 and H 2 . Further, known methods to produce 0 2 are by: 
liquefaction (cryogenic distillation) of air; membrane sepa- 
ration of air, Pressure Swing Adsorption (PSA) of air and 
electrolysis of H 2 0. All of these processes are friendly to the 
environment. In addition, H 2 is the most abundant element 
in the universe existing in nearly all compounds and com- 
positions. Modifying our alcohol, oil, coal and gas refineries 
to produce H 2 would stimulate economic expansion, while 
focusing the responsibility of air pollution into a refining 
environment, wherein that responsibility can be managed. 

[0057] The discovered WCT manage energy much more 
efficiently than that of the traditional combustion engine, as 
the traditional combustion engine relates to transportation, 
electricity generation and heat generation applications. This 
is especially the case with respect to the internal combustion 
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engine. The internal combustion engine, as well as combus- 
tion engines generally, loose approximately 60 to 85 percent 
of their combustion energy in: heat losses from the engine, 
engine exhaust gases and unused mechanical energy. It is 
discovered in that this invention recaptures significant 
energy losses by converting lost energy into potential and 
into internal energy. This discovery directly follows the first 
and the second laws of thermodynamics. In one application, 
an internal combustion engine, exhaust energy is converted 
into chemical potential energy. 

[0058] The discovered WCT utilize the energy of com- 
bustion of 0 2 with H 2 as the energy source for combustion 
methods, processes, systems and apparatus to create energy. 
The combustion product of 0 2 and H 2 is H 2 0. This com- 
bustion reaction is somewhat similar to that of hydrocarbon 
combustion; however, carbon is removed from the reaction 
and N 2 is partially or totally removed from the reaction. In 
summary, WCT eliminates environmental issues associated 
with the combustion of C, N and/or S. 


2H 2 + O2 * 2H2O + 137 kcal 


[0059] At 68.5 kcal/mole, H 2 has an energy value of 34 
kcal per pound; this compares favorably to n-Octane which 
is 1300 kcal/mole-ll kcal per pound and methane which is 
213 kcal/mole-13 kcal per pound. 

[0060] While H 2 0 is an environmentally friendly com- 
bustion product, the combustion temperature of 0 2 with H 2 
is too high for most combustion materials. And, especially in 
the case of the internal combustion engine, the implemen- 
tation of any new combustion system would be significantly 
facilitated through the use of traditional materials of con- 
struction, so as to minimize the cost of engine construction. 
H 2 0 is preferably used to control the combustion tempera- 
ture of 0 2 with H 2 . Said H 2 0 can be in one of three forms: 
a solid (ice particles), a liquid (water vapor) and a gas 
(steam). If H 2 0 is in the form of a solid, the combustion 
temperature will be controlled by: the heat capacity of solid 
H 2 0, the sublimation energy of H 2 0, the heat capacity of 
liquid H 2 0, the latent heat of vaporization of H 2 0 and the 
heat capacity of steam. If H 2 0 is in the form of a liquid, the 
combustion temperature will be controlled by: the heat 
capacity of liquid H 2 0, the latent heat of vaporization of 
H 2 0 and the heat capacity of steam. If the H 2 0 is a gas, the 
temperature will be controlled by the heat capacity of steam. 

[0061] Air has traditionally been used as the combustion 
oxidant (0 2 in air). The combustion of 0 2 with H 2 , without 
the inclusion of N 2 and/or Ar or with a minimal inclusion of 
N 2 and/or Ar from air, improves internal combustion energy 
output by over 300 percent. This aspect of the instant 
invention can be readily seen by comparing a combustion 
system which utilizes air for the oxidant, wherein air is 
approximately only 20 percent 0 2 and 78 percent N 2 , and a 
combustion system which utilizes very pure 0 2 as the 
oxidant. Nitrogen reduces the combustion temperature while 
endothermically producing NO x , thereby creating pollution 
while reducing engine efficiency. Since air is approximately 
78 percent N 2 , nearly 78 percent of the combustion mixture 
in a traditional combustion engine provides no energy dur- 
ing combustion, and in actuality, reduces the energy output 


of combustion. While the N 2 in air can keep the combustion 
temperature down, thereby producing exhaust gas tempera- 
tures approximately near or below 1000° F., so that the 
combustion temperature is not harmful to traditional mate- 
rials of engine construction, the addition of H 2 0 to an 0 2 /H 2 
fuel mixture approaches isothermal combustion producing 
steam while cooling the temperature of combustion, thereby 
converting combustion heat energy into an energy form that 
is easily utilized and/or recycled. The inclusion of N 2 does 
not provide the ability of energy recycle. The same discus- 
sion applies to Ar. 

[0062] As is readily understood in combustion science, 
there are three components required for combustion to 
commence: fuel, heat and ignition. Assuming a constant 
source of fuel (H 2 and and ignition, the addition of H 2 0 
to the combustion mixture presents a method and process to: 
limit the combustion temperature, minimize NO x formation, 
and minimize the cost of materials of construction for the 
combustion engine, as well as maintain a high enough 
combustion temperature so that combustion may commence. 
The addition of H 2 0 to the combustion chamber can be 
managed to maintain combustion, as well as control the 
temperature of combustion. Varying engine configurations, 
combustion chamber designs and materials of construction 
will determine the limits of H 2 0 addition to the combustion 
chamber within the limits of fuel mixture and combustion 
temperature. Varying engine configurations, combustion 
chamber designs and materials of construction will deter- 
mine the limits of H 2 0 addition to the combustion chamber 
within the limits of fuel mixture and combustion tempera- 
ture. The addition of excess air to the combustion chamber 
can be managed to maintain combustion, as well as control 
the temperature of combustion. This concept is especially 
practical in jet propulsion applications. 

[0063] H 2 0 is discovered in this invention as a coolant and 
as a fuel, as well as a combustion product. H 2 0 is presented 
in novel energy recycle methods, processes, systems and 
apparatus to improve the efficiency of combustion by uti- 
lizing water as a combustion product, an energy conduit, a 
combustion coolant and an energy storage medium. The 
discovered WCT presents H 2 0 as at least one of: an energy 
storage medium, a combustion product, a coolant and an 
energy transfer conduit and/or any combination therein. The 
importance of this aspect of the invention can be appreciated 
by thermodynamic principals. By the first law of thermo- 
dynamics, heat added to the system plus work done on the 
system equals changes in internal energy plus changes in 
potential and kinetic energy. The recycling of otherwise lost 
energy increases both internal and potential energy, thereby 
increasing efficiency of the combustion systems. By the 
second law of thermodynamics: changes in internal energy 
equal changes in entropy (at a specific temperature) minus 
work performed by the system. Since the WCT significantly 
reduces changes in entropy by focusing otherwise lost 
entropy and enthalpy into an exhaust enthalpy/entropy 
which can be recycled into internal and potential energy, the 
WCT significantly increases internal and potential energy, 
thereby significantly increasing efficiency. The WCT uses 
the first and second laws of thermodynamics as an asset. In 
contrast, hydrocarbon combustion technologies have the 
first and second laws of thermodynamics as a liability. 
Further, the use of H 2 0 in the combustion chamber theo- 
retically approaches isothermal combustion. 
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[0064] It has been learned in the industry that frozen 
crystals of methane in a H 2 gas allow the H 2 to form a gel 
of H 2 and methane. Such gel compositions are easier to 
handle than their cryogenicaliy stored H 2 . It is an embodi- 
ment of the WCT to store at least one of H 2 and 0 2 as a gel 
wherein the gel contains frozen water crystals, thereby 
improving the storage characteristics of said H 2 or 0 2 . 

[0065] The WCT utilizes electrochemical pathways to 
convert H 2 0 into 0 2 and Hj, wherein the electrical energy 
for these pathways is obtained from at least one of: cooling 
the engine, exhaust gas energy, combustion output mechani- 
cal energy, photovoltaic energy and the energy of air or 
water motion. Given that the efficiency of most combustion 
engines (especially the internal combustion engine) is only 
approximately 20 percent, the discovered WCT can signifi- 
cantly increase the combustion efficiency. Assuming that the 
available H 2 fuel has a conversion efficiency near that of its 
hydrocarbon predecessors, thereby presenting a source value 
of 100 percent for fresh H 2 and that the separation of air into 
0 2 , N 2 and Ar has an efficiency of conservatively near 20 
percent, WCT methods, processes, systems and apparatus 
have the capability to increase the efficiency of a turbine 
combustion engine to near 40 to 70 percent and the effi- 
ciency of the internal combustion engine to near approxi- 
mately 60 to 70 percent. It is theorized that the combustion 
efficiency can be increased further, depending on the sepa- 
ration efficiency of air into N 2 and Ar, the conversion 
efficiency of steam into electricity and in most applications 
the conversion efficiency of electricity into H 2 and 0 2 . It is 
discovered that the theoretical limit of efficiency for the 
discovered WCT is approximately limited to the efficiency 
limit in the conversion of steam, mechanical, photovoltaic, 
wind and waterwheel energy to electricity in combination 
with the efficiency limit of electrolysis to convert H 2 0 into 
H 2 and 0 2 minus friction losses. This theoretical limit 
presents that the theoretical efficiency limit of the methods, 
processes, systems and apparatus of the WCT is near 
approximately 70-90 percent. (There is an interesting situ- 
ation, wherein the engine is not running and a photovoltaic 
cell increases the potential energy by creating fuel from 
water. Under this scenario the engine actually increases its 
fuel without using any fuel, wherein the efficiency is infi- 
nate.) 

[0066] The discovered WCT present methods, processes, 
systems and apparatus for separating 0 2 and N 2 from air in 
combination with the combustion of 0 2 with H 2 . There are 
three methods of separation. By the first method, air is 
separated utilizing the cryogenic distillation process, which 
is used to pressure, chill and distill the air, separating air into 
0 2 and N 2 . By the second method, air is separated utilizing 
membranes; the membranes can be of either organic poly- 
mer construction or of inorganic construction. By the third 
method, air is separated by utilizing Pressure Swing Adsorp- 
tion (PSA). Utilizing PSAit is preferred that 0 2 be absorbed; 
however, it is practical that N 2 be absorbed. The separated 
0 2 , produced by at least one of these methods, is preferably 
used as a fuel in the combustion systems. 

[0067] Cryogenic Distillation— In the chemical industry, 
cryogenic distillation of air into 0 2 and N 2 is a common 
pathway to produce these elemental diatomic gases. How- 
ever, it has not been proposed previously and it is novel to 
utilize this process: in combination with H 2 distillation, to 
fuel the combustion of 0 2 with H 2 and/or to utilize the 


energy of the combustion of 0 2 with H 2 to power the 
cryogenic distillation of air. In addition, nearly all industrial 
processes for the separation of air into 0 2 and N 2 utilize N 2 
or N 2 and Ar as industrial products. In the case of the 
discovered WCT, the primary use of distilled N 2 and/or Ar 
would be as a heat sink. This heat sink is preferably utilized 
to perform at least one of: cool the storage of 0 2 or of H 2 , 
facilitate cryogenic distillation, cool the combustion engine 
and/or provide refrigeration and/or provide environmental 
cooling. In the case of the internal combustion engine, this 
heat sink is preferably used in place of the engine water 
coolant cooling system (typically a fan cooled radiator) 
and/or the compressor for the passenger cooling (air condi- 
tioning) system. The distillation of Ar is immaterial except 
as a combustion efficiency improvement; the additional 
fractionating column to separate Ar should be viewed on a 
capital investment — efficiency rate of return analysis. 

[0068] Membrane Separation — Membrane separation is 
much simpler than cryogenic distillation; however, nitrogen 
is not available as a heat sink. By utilizing the membrane 
separation process, separate cooling systems will need to 
potentially be available for the engine and for any passenger 
or environmental cooling. 

[0069] PSA — PSA separation is simpler than cryogenic 
processes yet more complicated than membrane separation. 
PSA has the same drawback as membrane separation; N 2 
would not be available as a heat sink. By utilizing a PSA 
separation process, separate cooling systems will need to 
potentially be available for the engine and for any passenger 
or environmental cooling. 

[0070] The discovered WCT relate to chemical methods, 
processes, systems and apparatus of producing H 2 from 
steam, since steam is the physical state of the water product 
from combustion. The WCT converts steam into H 2 utilizing 
a process, which is normally considered a detriment. The 
WCT utilizes corrosion to chemically convert steam to H 2 . 
Corrosion utilizes 0 2 to convert a metal to its metal oxide, 
while releasing H 2 . This metal oxide has traditionally been 
viewed as a detriment since the metal oxide has less 
strength, durability and luster than its metal counterpart. The 
general chemical reaction for corrosion with water as the 
oxidant would be: 


M + H2O MO + h 2 


[0071] where, M is any metal or combination of metals 
from the Periodic Table and eV is the electromotive poten- 
tial. Due to the electromotive potential of corrosion, many 
methods of protecting a metal against corrosion are based 
upon managing the electromotive potential of the metal. One 
such method is cathodic protection. Under cathodic protec- 
tion, the metal is protected against corrosion by producing 
an electromotive potential in the metal that is counter to the 
electromotive potential for corrosion of that metal. Where 
traditional cathodic protection methods are used to prevent 
corrosion, the WCT proposes driving corrosion by creating 
an anodic potential. The WCT utilizes catalytic sacrificial 
metal(s) in the exhaust gas (steam), wherein an anodic 
potential is preferably used to drive corrosion of a metal or 
a composition of metals, thereby converting at least a 
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portion of the steam to hydrogen. (A good reference for 
electromotive potentials would be the Handbook of Chem- 
istry and Physics by CRC Press.) 

[0072] The discovered WCT relate to electrolytic meth- 
ods, processes, systems and apparatus to electro-chemically 
convert H 2 0 into 0 2 and H 2 . It is to be understood that under 
the best of engineered circumstances, the electrical energy 
required by electrolysis to convert H 2 0 into 0 2 and H 2 will 
be greater than the energy obtained by the combustion of 0 2 
and H 2 . However, electrolysis allows for significant 
improvements in the efficiency of combustion by reclaiming 
energy which would otherwise be lost. 

[0073] Whether electrical energy is generated from the 
steam of combustion or from at least one of: mechanical 
energy conversion, steam energy conversion, light energy 
conversion, wind energy conversion or water wheel energy 
conversion, once the capital cost of conversion equipment is 
in place, the cost of energy conversion is limited to equip- 
ment maintenance expense. Four types of available electri- 
cal energy generation are discovered: mechanical energy, 
steam energy, moving air (wind) or water energy and pho- 
tovoltaic (sun) energy. 

[0074] Electrolysis may create enough fuel from H 2 0 at a 
very low energy conversion cost to increase the efficiency of 
the entire combustion system. The application of the internal 
combustion engine is an excellent example of a situation 
wherein electrolysis may be used to turn H 2 0 into a fuel 
source (potential energy). The internal combustion engine, 
once in operation, turns normally at approximately 500 to 
approximately 6000 rpm and infrequently in specially engi- 
neered situation to approximately 10,000 to 20,000 rpm. 
There are many situations in the operation of combustion 
engines wherein a generator either located on the drive shaft 
or activated by a transmission device and driven by the drive 
shaft, could be turned by the mechanical energy of the 
combustion engine to create an electrical current for the 
electrolytic conversion of H 2 0 into 0 2 and H 2 . In addition, 
to the extent that H 2 0 is utilized to control the combustion 
temperature of the combustion system is to the extent that a 
steam driven turbine generator can be further utilized in the 
exhaust stream of the WCT to create electricity. Electricity 
can then be used for the electrolysis of H 2 0 into 0 2 and H^ 
Once the capital cost of either the mechanical driven gen- 
erator or the steam driven generator has been made, the 
conversion cost of the mechanical or steam energy to 
electricity is limited to equipment maintenance expense. 
This same cost/benefit scenario would apply to a moving air 
(wind) or water driven generator, as well as to the photo- 
voltaic system. 

[0075] The WCT relates to the application of muffler 
technologies as those technologies are known and used to 
muffle the noise of combustion. In the case of the internal 
combustion engine, mufflers are installed to limit the noise 
produced by combustion. While muffler designs do control 
the noise or air vibration from a combustion engine, current 
muffler designs waste available combustion exhaust gas 
energy. The installation of a steam turbine in the combustion 
engine exhaust gas stream is preferred to produce an elec- 
trical current. It is preferred that the steam turbine absorb air 
vibration from combustion. It is preferred to install easily 
oxidized metal(s) in a contact/muffler chamber to create H 2 
from the steam produced in the combustion systems. The 


combination of a steam driven turbine generator and cata- 
lytic conversion metal(s) in the exhaust would be a most 
preferred combination to convert the steam energy of the 
exhaust gases from the combustion systems into electrical 
energy, while muffling the air vibration in the exhaust gases. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0076] A better understanding of the present invention can 
be obtained when the following description of the preferred 
embodiments are considered in conjunction with the follow- 
ing drawings, in which: 

[0077] FIGS. 1 and 1A provide a key to the symbols of 
Flow Diagram 1 and FIGS. 2 through 24. 

[0078] FIG. 2 illustrates in block diagram form a general 
thermodynamic description of a traditional hydrocarbon 
combustion engine. 

[0079] FIG. 2A illustrates in block diagram form a gen- 
eral description of proposed methods, processes, systems 
and apparatus to manage H 2 0, 0 2 , H 2 and air in the 
discovered WCT combustion engine. 

[0080] FIG. 3 illustrates in block diagram form a general 
description of proposed methods, processes, systems and 
apparatus for a combustion engine fueled by at least one of: 
0 2 and H 2 ; air and H 2 ; 0 2 , H 2 and air wherein H 2 0 is an 
option to cool the combustion chamber and to cool the 
combustion temperature, and wherein the fuel system incor- 
porates alternate methods, processes, systems and apparatus 
to create electricity for electrolysis to convert H 2 0 into H 2 
and 0 2 . 

[0081] FIG. 4 illustrates in block diagram form a general 
description of proposed methods, procedures, systems and 
apparatus for a combustion engine fueled by at least one of: 
0 2 and H 2 ; air and H 2 ; 0 2 , H 2 and air wherein H 2 0 is an 
option to cool the combustion chamber and to cool the 
combustion temperature, and wherein the fuel system incor- 
porates catalytic conversion of steam into H 2 . 

[0082] FIG. 5 illustrates in block diagram form a general 
description of proposed methods, procedures, systems and 
apparatus for a combustion engine fueled by at least one of: 
0 2 and H 2 ; air and H 2 ; 0 2 , H 2 and air wherein H 2 0 is an 
option to cool the combustion chamber and to cool the 
combustion temperature, and wherein the fuel system incor- 
porates the cryogenic distillation of air into nitrogen and 0 2 , 

[0083] FIG. 6 illustrates in block diagram form a general 
description of proposed methods, procedures, systems and 
apparatus for a combustion engine fueled by at least one of: 
0 2 and H 2 ; air and H 2 ; 0 2l H 2 and air wherein H 2 0 is an 
option to cool the combustion chamber and to cool the 
combustion temperature, and wherein the fuel system incor- 
porates catalytic conversion of steam into H 2 , as well as 
electrolysis to convert H 2 0 into H 2 and 0 2 . 

[0084] FIG. 7 illustrates in block diagram form a general 
description of proposed methods, procedures, systems and 
apparatus for a combustion engine fueled by at least one of: 
0 2 and H 2 ; air and H 2 ; 0 2 , H 2 and air wherein H 2 0 is an 
option to cool the combustion chamber and to cool the 
combustion temperature, and wherein the combustion tem- 
perature and the fuel system incorporates the cryogenic 
distillation of air into nitrogen and 0 2 , as well as electricity 
for electrolysis to convert H 2 0 into H 2 and 0 2 . 
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[0085] FIG. 8 illustrates in bock diagram form a general 
description of proposed methods, procedures, systems and 
apparatus for a combustion engine fueled by at least one of: 
0 2 and H 2 ; air and H 2 ; 0 2 , H 2 and air wherein H 2 0 is an 
option to cool the combustion chamber and to cool the 
combustion temperature, and wherein the fuel system incor- 
porates catalytic conversion of steam into H 2> along with the 
cryogenic distillation of air into nitrogen and 0 2 , as well as 
electrolysis to convert H 2 0 into H 2 and 0 2 . 

[0086] FIG. 9 illustrates in block diagram form a general 
description of proposed methods, procedures, systems and 
apparatus for a combustion engine fueled by at least one of: 
0 2 and H 2 ; air and H 2 ; 0 2 , H 2 and air wherein H 2 0 is an 
option to cool the combustion chamber and to cool the 
combustion temperature, and wherein the fuel system incor- 
porates the separation of air into nitrogen and 0 2 with at 
least one of membranes and PSA. 

[0087] FIG. 10 illustrates in block diagram form a general 
description of proposed methods, procedures, systems and 
apparatus for a combustion engine fueled by at least one of: 
0 2 and H 2 ; air and H 2 ; 0 2 , H 2 and air wherein H 2 0 is an 
option to cool the combustion chamber and to cool the 
combustion temperature, and wherein the fuel system incor- 
porates the separation of air into nitrogen and 0 2 with at 
least one of membranes and PSA, as well as electrolysis to 
convert H 2 0 into H 2 and 0 2 . 

[0088] FIG. 11 illustrates in bock diagram form a general 
description of proposed methods, procedures, systems and 
apparatus for a combustion engine fueled by at least one of: 
0 2 and H 2 ; air and H 2 ; 0 2 , H 2 and air wherein H 2 0 is an 
option lo cool the combustion chamber and to cool the 
combustion temperature, and wherein the fuel system incor- 
porates catalytic conversion of steam into H 2 , along with the 
separation of air into nitrogen and 0 2 with at least one of 
membranes and PSA, as well as alternate methods, pro- 
cesses, systems and apparatus to create electricity for elec- 
trolysis to convert H 2 0 into H 2 and 0 2 . 

[0089] FIG. 12 illustrates in bock diagram form a general 
description of proposed methods, procedures, systems and 
apparatus for a combustion engine fueled by at least one of: 
0 2 and H 2 ; air and H 2 ; 0 2 , H 2 and air wherein H 2 0 is an 
option to cool the combustion chamber and to cool the 
combustion temperature, and wherein the fuel system incor- 
porates catalytic conversion of steam into Hj, along with the 
cryogenic distillation of air into nitrogen and 0 2 . 

[0090] FIG. 13 illustrates in bock diagram form a general 
description of proposed methods, procedures, systems and 
apparatus for a combustion engine fueled by at least one of: 
0 2 and H 2 ; air and H 2 ; 0 2 , H 2 and air wherein H 2 0 is an 
option to cool the combustion chamber and to cool the 
combustion temperature, and wherein the fuel system incor- 
porates catalytic conversion of steam into H 2 , along with the 
separation of air into nitrogen and 0 2 with at least one of 
membranes and PSA. 

[0091] FIG. 14 illustrates in bock diagram form a general 
description of proposed methods, procedures, systems and 
apparatus for heating the combustion mixture for a combus- 
tion engine that is fueled by at least one of: 0 2 and H 2 ; air 
and H 2 ; 0 2 , H 2 and air wherein H 2 0 is an option to cool the 
combustion chamber and to cool the combustion tempera- 
ture. 


[0092] FIG. 15 illustrates in block diagram form a general 
description of proposed methods, procedures, systems and 
apparatus for a combustion engine fueled by at least one of: 
0 2 and H 2 ; air and H 2 ; 0 2 , H 2 and air wherein H 2 0 is an 
option to cool the combustion chamber and to cool the 
combustion temperature, and wherein the fuel system incor- 
porates the cryogenic distillation of air into nitrogen and 0 2 . 

[0093] FIG. 16 illustrates in block diagram form a general 
description of proposed methods, procedures, systems and 
apparatus for a combustion engine fueled by at least one of: 
0 2 and air and H 2 ; 0 2 , H 2 and air wherein H 2 0 is an 
option to cool the combustion chamber and to cool the 
combustion temperature, and wherein the fuel system incor- 
porates the separation of air into nitrogen and 0 2 with at 
least one of membranes and PSA. 

[0094] FIG. 17 illustrates in bock diagram form a general 
description of proposed methods, procedures, systems and 
apparatus for a combustion engine fueled by at least one of: 
0 2 and H 2 ; air and H 2 ; 0 2 , H 2 and air wherein H 2 0 is an 
option to cool the combustion chamber and to cool the 
combustion temperature, and wherein the fuel system incor- 
porates catalytic conversion of steam into H 2 , along with the 
cryogenic distillation of air into nitrogen and 0 2 . 

[0095] FIG. 18 illustrates in bock diagram form a general 
description of proposed methods, procedures, systems and 
apparatus for a combustion engine fueled by at least one of: 
0 2 and H 2 ; air and H 2 ; 0 2 , H 2 and air wherein H 2 0 is an 
option to cool the combustion chamber and to cool the 
combustion temperature, and wherein the fuel system incor- 
porates catalytic conversion of steam into H 2 , along with the 
separation of air into nitrogen and 0 2 with at least one of 
membranes and PSA. 

[0096] FIG. 19 illustrates in bock diagram form a general 
description of proposed methods, procedures, systems and 
apparatus for heating the combustion mixture for a combus- 
tion engine that is fueled by at least one of: 0 2 and H 2 ; air 
and 0 2 , and air wherein H 2 0 is an option to cool the 
combustion chamber and to cool the combustion tempera- 
ture. 

[0097] FIG. 20 illustrates in bock diagram form a general 
description of proposed methods, procedures, systems and 
apparatus for liquefaction and cooling of 0 2 and/or H 2 
storage for a combustion engine that is fueled by at least one 
of: 0 2 and air and H 2 ; 0 2 , H 2 and air wherein I^O is an 
option to cool the combustion chamber and to cool the 
combustion temperature. 

[0098] FIGS. 21 and 21A illustrate in bock diagram form 
a general description of proposed methods, procedures, 
systems and apparatus for steam turbine(s), wherein the 
steam turbine(s) located in and powered by the exhaust of a 
combustion engine fueled by at least one of: 0 2 and H 2 ; air 
and H2; 0 2 , H 2 and air wherein H 2 0 is an option to cool the 
combustion chamber and to cool the combustion tempera- 
ture. 

[0099] FIG. 22 illustrates in bock diagram form a general 
description of proposed methods, procedures, systems and 
apparatus for an air turbine, wherein said air turbine pro- 
vides electricity to separate H 2 0 into H 2 and 0 2 for a 
combustion engine, wherein said combustion engine is 
fueled by at least one of: 0 2 and H 2 ; air and H 2 ; 0 2 , H 2 and 
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air wherein H 2 0 is an option to cool the combustion 
chamber and to cool the combustion temperature. 

[0100] FIGS. 23 and 23A illustrate in bock diagram form 
a general description of proposed methods, procedures, 
systems and apparatus for a H 2 0 turbine, wherein said H 2 0 
turbine provides electricity to separate H 2 0 into H 2 and 0 2 
for a combustion engine, wherein said combustion engine is 
fueled by at least one of: 0 2 and H 2 ; air and H 2 ; 0 2 , H 2 and 
air wherein H 2 0 is an option to cool the combustion 
chamber and to cool the combustion temperature. 

[0101] FIG. 24 illustrates in bock diagram form a general 
description of proposed methods, procedures, systems and 
apparatus for pressure control for a combustion engine, 
wherein said combustion engine is fueled by at least one of: 
0 2 and H 2 ; air and H 2 ; 0 2 , H 2 and air wherein H 2 0 is an 
option to cool the combustion chamber and to cool the 
combustion temperature. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0102] The timing of the invention is significant since 
global warming is becoming a global political issue. The 
timing of the invention is significant since the availability of 
oil and natural gas, the sources of hydrocarbons, are becom- 
ing global political issues. The timing of the invention is 
significant since air pollution is becoming a health issue for 
much of humanity. The timing of the invention is significant 
since the market of natural gas (methane, ethane, propane 
and/or butane) is affecting the production and/or market 
price of electricity. The WCT presents environmentally 
friendly combustion methods, processes, systems and appa- 
ratus, which are efficient and which will require a reasonable 
amount of tooling to implement. And, in the case of the 
internal combustion engine, the WCT present a combustion 
process, which will have a "feel" to the driver which is 
similar to that of hydrocarbon combustion engines; this 
"feel" will further implementation of the invention. 

[0103] The methods, processes, systems and apparatus of 
the WCT solve the myriad of challenges that have kept 
hydrogen based combustion technologies from commercial- 
ization. These challenges are, yet are not limited to: 1) fuel 
combustion temperature and the associated combustion 
engine cost, 2) the volume of fuel required and the associ- 
ated fuel storage requirements, 3) engine efficiency and the 
associated fuel required, 4) the generation of NO x , 5) engine 
efficiency and the associated cost of operation, 6) combus- 
tion engine size and the associated combustion engine cost, 
7) required fuel and fuel storage in general, 8) cost of 
operation in general, 9) combustion engine cost in general, 
and in the case of the internal combustion engine 10) an 
engine that meets customer expectations for feel, efficiency, 
cost and environmental impact. 

[0104] The methods, processes, systems and apparatus of 
the WCT utilize the heat of combustion of 0 2 with H 2 as the 
primary energy source for combustion systems to create 
energy. Apreferred embodiment of the WCT would be a fuel 
mixture of 0 2 and H 2 . A most preferred embodiment of the 
WCT would be to add H 2 0 lo the combustion chamber to 
control the combustion temperature. It is an embodiment to 
cool the engine with H 2 0 in the combustion chamber, 
wherein the gas of combustion is at least one of water vapor 
and steam. It is an embodiment to cool combustion with an 


excess of air. It is a preferred embodiment of WCT to 
manage the final temperature in the combustion mixture 
prior to ignition so that the mixture is in at least one of a 
gaseous or fluid state. It is a preferred embodiment that the 
combustion methods, processes, systems and apparatus of 
the WCT be at least one of: internal combustion, open flame 
(heating) combustion and turbine combustion, as these 
applications are known in the art of combustion science. 
[0105] Since the storage of 0 2 and H 2 would be best 
accomplished at cryogenic temperatures, cryogenic 0 2 and/ 
or cryogenic H 2 can be used to at least partially control 
combustion temperature. A preferred embodiment of the 
WCT would be to at least partially control the combustion 
temperature and/or the engine temperature by the tempera- 
ture of 0 2 and/or H 2 . It is most preferred to preheat at least 
one of: 0 2 , H 2 , and H 2 0 to a temperature/pressure combi- 
nation that allows for efficient combustion. To manage this 
energy it is a preferred embodiment to heat at least one of 
the: 0 2 , H 2 , combustion H 2 0 and any combination therein 
by heat exchange from at least one of: ambient temperature, 
engine combustion energy, engine exhaust steam energy and 
radiant energy from an electrical resistant heating device and 
any combination therein. It is most preferred to preheat at 
least one of 0 2 and from the ambient temperature prior 
to heating either: 0 2 , H 2 or H 2 0 by heat exchange from at 
least one of: ambient temperature, engine combustion 
energy, engine exhaust steam energy, an electrical radiant 
heat energy source and any combination therein. Since the 
heat capacity of water is much greater than that of water 
vapor (steam) and the latent heat of vaporization of water is 
a significant heat sink, it is a most preferred to heat the H 2 0 
to a liquid state and not to a gaseous or fluid state (sleam). 
FIG. 19, approximates the preferred embodiment of heating 
the combustion mixture. While not most preferred, an 
embodiment of combustion would be to add H 2 0 with at 
least one of N 2 and Ar to the combustion chamber, utilizing 
as a heat sink the H 2 0 as well as N 2 and/or Ar to control the 
combustion temperature. While not preferred, an embodi- 
ment would be to utilize air instead of 0 2 as a source of 0 2 , 
whenever enough 0 2 is not available, to combust with H 2 to 
produce H 2 0 as the primary combustion product, knowing 
that NO x will be a secondary combustion product. It is 
preferred to use an excess of air in the event that air is used 
instead of 0 2 as a source of 0 2 ; excess air is preferred to 
control combustion temperature and thereby minimize NO x 
formation in the event that pure 0 2 is not available. An 
embodiment for the combustion of air and H 2 is preferably 
accomplished with H 2 0 added to the combustion chamber, 
thereby utilizing H 2 0 as a heat sink to reduce the combus- 
tion temperature, thereby minimizing NO x production; the 
use of H 2 0 as a heat sink has the additional benefit of 
producing additional steam in the exhaust. For brevity, the 
methods, processes, systems and apparatus of the most 
preferred embodiments), the preferred embodiment(s) and 
the embodiments) of combustion will be herein after be 
referred to as WCT. Methods, processes, systems and appa- 
ratus for the WCT are approximated in FIGS. 2 through 24. 
[0106] Cryogenic Distillation — Methods, processes, sys- 
tems and apparatus for WCT that incorporate Cryogenic 
distillation are approximated in FIGS. 5, 7, 8, 12, 15 and 17. 
Cryogenic distillation principals incorporated into the WCT 
are those principles as are known in the art of cryogenic 
distillation. It is to be understood that per the Vapor-Liquid- 
Equilibrium diagram for each stage of distillation, the tern- 
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perature of distillation is dependent upon the distillation 
pressure; higher separation pressures lead to higher separa- 
tion temperatures. It is to be understood that the U^Oj 
separation portion contains either one, two or three columns 
for the production of 0 2 , depending on the purity desired; 
the second column may be eliminated to reach purities of 0 2 
which are less than that of pure 0 2 . The third column is 
desired to separate Ar from thereby producing very pure 
0 2 . 

[0107] A most preferred embodiment is to cool the air for 
distillation utilizing at least one of the Joule Thompson 
Effect and counter-current heat exchange. A preferred 
embodiment is to cool the air for distillation utilizing at least 
one of the Joule Thompson Effect and the vaporization of a 
liquid. An embodiment is to cool the air for distillation 
utilizing at least one of the Joule Thompson Effect and the 
expansion of a gas doing work in an engine. A most 
preferred embodiment is to operate the first stage distillation 
column at 100 to 200 psia. A preferred embodiment is to 
operate the first stage distillation column al atmospheric to 
500 psia. A preferred embodiment is the use of recycled N 2 
as a heat sink, wherein said N 2 is used to cool at least one 
of: 0 2 storage, H 2 storage, a cooling system of the combus- 
tion engine, a cooling system for electrolysis, the combus- 
tion engine, electrolysis, air in an air conditioning system, 
any portion of cryogenic distillation of air and/or any 
combination therein. A most preferred embodiment is to 
cryogenically distill air, wherein the energy utilized for 
cryogenic separation is energy generated by the WCT and 
wherein the separated 0 2 from cryogenic distillation is 
utilized as a fuel in the WCT. 

[0108] FIGS. 5, 7, 8, 12, 15 and 17 approximate methods, 
processes, systems and apparatus of the WCT, wherein 
cryogenic distillation is used to separate air, wherein 0 2 
from said separation is used as a fuel in said WCT. 
[0109] Membranes— Membranes, of either organic or 
inorganic construction, can effectively be used to separate 
air into 0 2 . Membrane separation principals incorporated 
into the WCT are to be those principles as known in the art 
of membrane separation. Staged membrane separation is 
preferred to produce very pure 0 2 . With the use of inorganic 
or organic polymer membranes, it is preferred to place an 
electrical potential across a membrane designed to hold an 
electrical potential to facilitate separation. It is most pre- 
ferred to utilize at least one of organic and inorganic 
membranes to separate air, wherein the 0 2 from said sepa- 
ration is used as a fuel in WCT. It is most preferred to utilize 
the energy of combustion from WCT to provide energy, 
wherein said energy powers the flow of air through said 
membrane(s), wherein said membrane separates air, wherein 
the 0 2 from said separation is used as a fuel in WCT. 
[0110] PSA— Whether of positive pressure or vacuum 
adsorption, PSA can effectively be used to separate air. PSA 
principals incorporated into the WCT are those principles as 
are known in the art of PSA. While there are material 
designs for the adsorption of 0 2 as well as N 2 , it is preferred 
to perform 0 2 adsorption to minimize the size of PSA. It is 
most preferred to utilize PSA to separate air, wherein the 0 2 
from said separation is used as a fuel in WCT. It is most 
preferred to utilize the energy of combustion from the WCT 
to provide energy, wherein said energy powers said PSA, 
wherein said PSA separates air, wherein the 0 2 from said 
separation is used as a fuel in the WCT. 


[0111] FIGS. 9, 10, 11, 13, 16 and 18 approximate meth- 
ods, processes, systems and apparatus of the WCT, wherein 
at least one of organic membrane(s), inorganic mem* 
brane(s), PSA and/or any combination therein is used to 
separate air, wherein 0 2 from said separation is used as a 
fuel in said WCT. In these figures, liquefaction of either H 2 
or 0 2 is a depicted option. It is preferred to utilize warm 
generated 0 2 and H 2 in combustion as a first preference over 
liquefied 0 2 or H 2 ; therefore, it is most preferred that any 
liquefaction be performed in storage as depicted in FIG. 20. 

[0112] The WCT relates to chemical methods of produc- 
ing H 2 from steam, since steam is the physical state of the 
water product from the WCT. FIGS. 4, 6, 8, 11, 12, 13, 14, 
17 and 18 approximate methods, processes, systems and 
apparatus discovered in this aspect of the WCT. The WCT 
converts steam into H 2 utilizing the corrosion process. A 
preferred embodiment is to chemically convert the steam 
produced by WCT into H 2 utilizing the corrosion of at least 
one metal. A most preferred embodiment is to chemically 
convert the steam produced by WCT into Hj, wherein said 
H 2 is produced by the corrosion of at least one metal, 
wherein that corrosion is enhanced by an electrical current 
in the metal(s). A preferred embodiment to chemically 
convert the steam produced by WCT into H 2 , wherein said 
H 2 is created by the corrosion of at least one metal, wherein 
said H 2 is used as a fuel in said WCT. A most preferred 
embodiment is to chemically convert the steam produced by 
WCT into H 2 , wherein said H 2 is created by the corrosion of 
at least one metal, wherein said corrosion is enhanced by an 
electrical current in the metal(s), wherein said H 2 is used as 
a fuel in the WCT. In many of these figures liquefaction of 
H 2 is a depicted option. It is preferred to utilized warm 
generated H 2 in combustion as a first preference over liq- 
uefied H 2 ; therefore, it is most preferred that any liquefac- 
tion be performed in storage as depicted in FIG. 20. 

[0113] The WCT relate to electrolysis methods, processes, 
systems and apparatus to electrolytically convert H 2 0 into 
O and H 2 , wherein said 0 2 and H 2 are used as fuel in the 
WCT. Electrolysis principals incorporated into the WCT are 
to be those principles as known in the art of electrolysis. 
FIGS. 3, 6, 7, 8, 10 and 11 approximate the methods, 
processes, systems and apparatus for electrolysis in the 
WCT. It is preferred to utilize warm generated 0 2 and H 2 in 
combustion as a first preference over liquefied 0 2 or H 2 ; 
therefore, it is most preferred that any liquefaction be 
performed in storage as depicted in FIG. 20. As a most 
preferred embodiment, the WCT stores energy by the poten- 
tial chemical energy available in H 2 0 prior to electrolytic 
separation, as well as in 0 2 and in H 2 . Said 0 2 and H 2 are 
available for fuel in the WCT and/or for a fuel cell to create 
electrical energy. As a most preferred embodiment, the WCT 
stores energy by the potential chemical energy available in 
H 2 0, wherein said H 2 0 can electrolytically be converted to 
0 2 and Hj, wherein at least a portion of said electrolytically 
converted 0 2 and/or H 2 is used as fuel in the WCT and/or in 
a fuel cell to create electrical energy. As a preferred embodi- 
ment, the WCT stores energy by the potential chemical 
energy available in at least one of: H 2 0, 0 2 , H 2 and any 
combination therein. 

[0114] Since many combustion systems, methods, engines 
and apparatus have a mechanical power output or mechani- 
cal energy rotating shaft, nearly all applications of the WCT 
have the capability to convert available mechanical rotating 
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energy into electrical energy. Conversion of available 
mechanical rotating energy into electrical energy is pre- 
ferred utilizing an electrical generation device; most pref- 
erably a generator. It is an embodiment that an alternator or 
dynamo is used, wherein said electrical energy from an 
alternating current may be converted to a direct current. It is 
an embodiment for the WCT to perform work other than 
create electrical energy, generate heat or generate steam, 
wherein said generator is utilized inversely proportional to 
the mechanical work or torque performed by the WCT. It is 
a preferred embodiment that the mechanical rotating energy 
produced by the WCT enter a transmission, wherein said 
transmission engage in a manner that is inversely propor- 
tional to the torque and/or work output of the WCT, wherein 
said transmission output mechanical rotating energy turn 
said generator to create said electrical energy. Said trans- 
mission is to be as is known in the art. It is most preferred 
that said transmission engage a flywheel capable of storing 
rotational kinetic energy, wherein said flywheel turns said 
generator. FIGS. 3, 6, 7, 8, 10 and 11 approximate methods, 
processes, systems and apparatus to recycle mechanical 
rotating energy as discovered. A preferred embodiment is the 
conversion of mechanical rotating energy created by the 
WCT into electrical energy utilizing an electrical generator 
device. A most preferred embodiment is wherein said elec- 
trical energy from said electrical generator device is utilized 
in the electrolysis of H 2 0 into H 2 and 0 2 . A most preferred 
embodiment is the conversion of mechanical rotating energy 
created by the WCT into electrical energy utilizing an 
electrical generator device, wherein said electrical energy is 
utilized in the electrolysis of H 2 0 into H 2 and 0 2 , wherein 
said H 2 and/or 0 2 is used as fuel in the WCT. 
[0115] Fuel Storage— By the ideal gas law (PV-nRT), it 
can be surmised that the efficiency of compression and 
efficiency of storage for 0 2 and/or H 2 increases significantly 
if the 0 2 and/or the H 2 is stored at cryogenic temperatures. 
It is preferred to store at least one of H 2 and/or 0 2 at 
cryogenic temperatures. It is preferred to store at least one 
of H 2 and/or 0 2 in a liquid state. Due to the explosive and 
flammable nature of H 2 and 0 2 , it is preferred to utilize N 2 
as a refrigerant for the storage of at least one of H 2 and 0 2 . 
Due to the negative Joule Thompson curve for Hj, it is most 
preferred to cool H 2 prior to any attempted cryogenic chill- 
ing or liquefaction. Due to the rather extreme explosive 
nature of 0 2 , it is preferred to limit the required storage of 
0 2 with preference to any of said 0 2 generating technologies 
(cryogenic distillation, membrane separation and/or PSA). 
To maintain fuel storage temperatures, it is preferred to 
operate a compressor for at least one of: liquefaction of 0 2 , 
chilling of 0 2 , liquefaction of H 2 , chilling of H 2 and any 
combination therein. It is most preferred that said compres- 
sor be powered by the WCT. FIG. 20, illustrates in block 
diagram form chilling and/or liquefaction of 0 2 and/or H 2 . 
[0116] Since nearly all applications of WCT have an 
engine exhaust, nearly all applications of the WCT will have 
the ability to convert combustion exhaust energy into elec- 
trical energy. It is preferred to insulate the WCT, as is known 
in the art of insulation, to manage energy. Insulation is most 
preferred in the WCT and the WCT exhaust, to thereby 
minimize WCT enthalpy losses. Conversion of exhaust 
energy is preferably performed utilizing a steam turbine. 
FIGS. 3, 6, 7, 8, 10, 11, 14, 15, 16, 17, 18, 21 and 21A 
approximate the methods, processes, systems and apparatus 
to convert steam energy into electrical energy. Steam turbine 


principals incorporated into the WCT are those principles as 
are known in the art of steam turbine technology. A preferred 
embodiment is the conversion of steam energy, wherein said 
steam energy is created by the WCT, wherein said steam 
energy is converted into electrical energy utilizing at least 
one steam turbine, wherein said steam turbine(s) turns at 
least one generator creating said electrical energy. It is 
preferred that said electrical energy be regulated. In the case 
wherein an alternator is used, it is preferred that said 
electrical energy be converted from an alternating current to 
a direct current, as is known in the art. A most preferred 
embodiment is wherein at least a portion said electrical 
energy is utilized in the electrolysis of H 2 0 into H 2 and 0 2 . 
A most preferred embodiment is the conversion of steam 
energy created by the WCT into electrical energy utilizing at 
least one steam turbine, wherein each said steam turbine(s) 
turn a generator device, wherein said generator deyice(s) 
creates an electrical current, wherein at least a portion of 
said electrical current is utilized in the electrolysis of H 2 0 
into H 2 and wherein at least a portion of said H 2 and/or 
0 2 is used as fuel in said WCT. 

[0117] It is preferred that many applications of the WCT 
perform some type of movement; therefore many applica- 
tions of the WCT will have an available source of moving 
air or moving water. Applications of the WCT will have the 
ability to convert the energy of moving air or water. FIGS. 
3, 6, 7, 8, 10, 11 and 22 approximate the methods, processes, 
systems and apparatus to convert moving air energy into 
electrical energy. A preferred embodiment of the WCT is the 
conversion of the energy of moving air or water into 
electrical energy, wherein said electrical energy is created by 
a generator from the moving air or water utilizing a gen- 
erator which turns in direct consequence of the moving air 
or water, wherein at least a portion of said electrical energy 
is utilized in the electrolysis of H 2 0 into H 2 and 0 2 . It is 
preferred that said electrical energy be regulated. In the case 
wherein an alternating current is created, it is preferred that 
said electrical energy be converted to a direct current. A most 
preferred embodiment is use of at least a portion of said H 2 
and/or 0 2 as fuel in the WCT. 

[0118] Steam Turbine Method, Process and System 

[0119] The energy of steam is measured in temperature 
and in pressure. Assuming saturated steam, steam energy is 
measured by pressure alone, i.e. the steam is normally 
termed 150, 300 or 400 psig steam, etc. Only in the case 
superheated steam is steam energy measured by both pres- 
sure and temperature. Steam looses temperature and pres- 
sure as steam energy is used and/or lost. Upon loosing 
energy, steam temperature and pressure (usually just mea- 
sured as pressure) reduces and the steam begins condensing 
water. Once all of the steam energy is depleted, there is no 
pressure or water vapor, just hot water. Using this knowl- 
edge, one may expect all electrical generation facilities to 
use every last BTU or psig of steam. Such is not done, 
because such is not economical, given the required invest- 
ment in pollution control equipment, heat transfer equip- 
ment (boilers) and in steam turbines. It is common for steam 
generation facilities to operate the final stage of electrical 
generation wherein the final steam turbine operates at less 
than atmospheric pressure, 14.7 PSIA-0 PSIG. However, in 
the case of WCT, pollution control equipment is minimized 
in combustion and heat transfer equipment is eliminated, 
thereby reducing investment and improving heat transfer. 
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Heat transfer equipment is minimized or eliminated because 
the exhaust of the WCT Engine, steam, is directly trans- 
ferred to the steam turbine. In the case of hydrocarbon 
combustion, energy of the hot gasses of combustion are 
transferred via a heat exchanger to water, thereby creating 
steam, after which said hot gases are transferred to environ- 
mental protection equipment. Said heat exchangers) are 
normally called boilers. The discovered WCT eliminate the 
need for boilers to generate steam, thereby improving heat 
transfer, thereby improving steam generation efficiency. 

[0120] It is preferred that steam turbine(s) of the WCT be 
installed in a configuration, wherein the exhaust of the WCT 
turn said steam turbine(s). Removal of steam energy is most 
preferably performed in a staged system, wherein at each 
stage a portion of the energy of the steam is removed by a 
steam turbine and the resulting condensation is removed 
prior to the next steam turbine or stage of energy removal. 
It is most preferred that all of the steam energy (pressure) be 
removed by the steam turbine/water removal system(s). It is 
most preferred that the condensation generated during the 
generation of electricity be transferred to electrolysis. It is 
preferred that at least a portion of the energy of the steam 
(pressure) be removed by the steam turbine/water removal 
system. FIGS. 21 and 21A approximates the methods, 
processes, systems and apparatus to convert steam energy 
into electrical energy. 

[0121] Air and Water Motion TXirbine Method and System 

[0122] The energy of moving air or water is measured in 
mass and velocity. Since the mass of air or water into an air 
or water turbine is equals the mass out of said turbine, the 
change in velocity is the measure of energy removal. That 
energy difference can be directly calculated using the laws 
of physics, specifically kinetic energy. However, it must be 
noted that the difference in velocity, the removed energy, 
which can be converted into electrical energy by the turbine 
will have an opposite drag force. For a stationary combus- 
tion engine of the discovered WCT, said drag force can be 
counterbalanced by the support structure of the turbine. 
However, in transportation applications wherein the drag 
force is counter to the direction of motion, said drag force 
will reduce transportation efficiency. In transportation appli- 
cations, the vehicle inherently contains a drag force that 
reduces transportation efficiency. To the extent that said 
contained drag force can be utilized to convert moving air or 
water energy into electrical energy at a cost that is less than 
the energy losses in said contained drag force, is to the extent 
that said wind and/or water turbine will have practical 
application. One such application is that of a sail boat, 
wherein the drag force is in the same direction as the 
direction of motion. FIG. 22 approximates WCT methods, 
processes, systems and apparatus to convert moving air 
energy into electrical energy. 

[0123] In water applications, wave energy (vertical 
energy) is much greater than the energy of the water's 
movement (horizontal energy). It is preferred in water 
applications that a generator be driven by the energy of the 
vertical wave movement. FIGS, 23 and 23A approximates 
WCT methods, processes, systems and apparatus to convert 
moving water energy into electrical energy. It is preferred to 
use said electrical energy from said water energy to elec- 
tronically convert H 2 0 into H 2 and 0 2 . It is most preferred 
10 use said H 2 and/or said 0 2 as fuel for said WCT. 


[0124] Photovoltaic Cells 

[0125] Wherein light is available, it is an embodiment to 
utilize photovoltaic cells to create electricity. It is preferred 
to use said electricity from said photovoltaic cells to elec- 
trolytically convert H 2 0 into H 2 and 0 2 . It is most preferred 
to use said Hj and/or said 0 2 as fuel for the WCT. 

[0126] Fuel Cells 

[0127] Wherein electricity is required, it is an embodiment 
to utilize fuel cells to create electricity. In such applications, 
H 2 and potentially 0 2 with a fuel cell would replace a 
battery. It is preferred to create said electricity with a fuel 
cell when the WCT is not in operation. It is preferred to 
utilize a fuel cell to power a compressor for chilling and/or 
liquefaction of H 2 and/or 0 2 . It is most preferred to utilize 
the WCT to create electricity. It is preferred that said fuel cell 
be powered by hydrogen and at least one of 0 2 and air. 

[0128] Heating 

[0129] The discovered WCT is especially suited for appli- 
cations to generate heat. Heat generation may be performed 
using the WCT in both industrial and domestic applications. 
In the case of heating a gas or a liquid, the heat energy of the 
WCT can be effectively transferred via any heat exchange 
equipment as is known in the art of heat transfer. 

[0130] In the case of heating air, it is most preferred that 
the exhaust of combustion be discharged directly into said 
air to be heated. In the case of heating air to be used in an 
enclosed human, plant and/or animal application, wherein 
the combustion components are at least one of: 0 2 and H 2 ; 
and 0 2 , H 2 and H 2 0, it is most preferred that at least a 
portion of the exhaust of combustion discharge directly into 
said air, thereby providing humidified heated air. 

[0131] In the case of heating water, it is most preferred that 
the exhaust of combustion discharge directly into said water 
to be heated, wherein the water heater or hot water storage 
has a vent to release generated NO x . In the case of heating 
water, wherein the combustion components are at least one 
of: 0 2 and H 2 ; and 0 2 , H 2 and H 2 0, it is most preferred that 
the exhaust of combustion can be discharged directly into 
said water to be heated, and wherein the water heater or hot 
water storage has a pressure relief device, as is known in the 
art. 

[0132] It is most preferred in heating applications that the 
WCT create electricity, as well as heat the subject gas and/or 
liquid. Configurations for the heating of a gas or a liquid are 
limited to the creativity of the designer, however, configu- 
rations approximating the WCT, wherein the heating of a gas 
or a liquid is performed is approximated in FIGS. 2 through 
18, wherein heat transfer can be performed either in the 
exhaust of said combustion or in the block of said WCT 
(CE). (In this case cooling said CE is not a loss of efficiency 
since the removed heat has a purpose.) 

[0133] Cooling 

[0134] The discovered WCT is especially suited for appli- 
cations to remove heat. Heat removal may be performed 
using the WCT, wherein al least one of: cryogenic distilla- 
tion is performed and/or the WCT provides mechanical 
energy, wherein said mechanical energy powers a refrigera- 
tion system. In the case of cooling a gas or a liquid, the heat 
sink capability of the chilled N 2 from said cryogenic distil- 


US 2005/0198958 Al Sep. 15, 2005 

15 


lation is preferably transferred via heat exchange equipment, 
as is known in the art of heat transfer. In the case of cooling 
a gas or a liquid, a refrigeration unit is preferably used, 
wherein said refrigeration unit is powered by energy is 
created by the WCT. 

[0135] In the case of cooling air or water, it is most 
preferred that the heat sink capability of the chilled N 2 from 
said cryogenic distillation be transferred either directly to 
said air and/or via any heat exchange technology as is known 
in the art of heat transfer. 

[0136] It is most preferred in cooling applications that the 
WCT create electricity, as well as cool a gas and/or liquid. 
System configurations for the cooling of a gas or a liquid are 
limited to the creativity of the designer. 

[0137] Water Chemistry 

[0138] Water is the most efficient and economical method 
of storing 0 2 and/or H 2 . Electrolysis of water is the preferred 
method of converting stored H 2 0 into combustible H 2 
and/or 0 2 . Electrolysis is best performed with a dissolved 
electrolyte in the water; the dissolved electrolyte, most 
preferably a salt, will improve conductivity in the water, 
thereby reducing the required electrical energy to perform 
electrolysis. It is an embodiment to perform electrolysis 
upon water that contains an electrolyte. It is preferred to 
perform electrolysis upon water that contains a salt. It is 
most preferred to perform electrolysis upon water that 
contains polyelectrolytes. However, many dissolved cat- 
ion(s) and anion(s) combination(s) can precipitate over time 
reducing the efficiency of electrolysis. Due to inherent 
solubility, it is a preferred embodiment to perform electroly- 
sis upon water that contains a Group IA/Group VIIA salt 
(including acids). Further, as temperature is increased, hard 
water contaminants may precipitate; therefore, it is preferred 
that the water of electrolysis be distilled or de-ionized prior 
to the addition of a Group IA/Group VIIA salt. Since 
electrolytic processes create heat, it is preferred to cool 
electrolysis. It is most preferred to cool electrolysis with the 
available heat sink from the N 2 available from the cryogenic 
distillation of air. 

[0139] Adispersant is preferably added to water to prevent 
scale. Dispersants are low molecular weight polymers, usu- 
ally organic acids having a molecular weight of less than 
25,000 and preferably less than 10,000. Dispersant chemis- 
try is based upoo carboxylic chemistry, as well as alkyl 
sulfate, alkyl sulfite and alkyl sulfide chemistry; it is the 
oxygen atom that creates the dispersion, wherein oxygen 
takes its form in the molecule as a carboxylic moiety and/or 
a sulfoxy moiety. Dispersants that can be used which contain 
the carboxyl moiety are, but are not limited to: acrylic 
polymers, aery he acid, polymers of acrylic acid, methacrylic 
acid, maleic acid, fumaric acid, itaconic acid, crotonic acid, 
cinnamic acid, vinyl benzoic acid, any polymers of these 
acids and/or any combination therein. Dispersants that can 
be used contain the alkyl sulfoxy or allyl sulfoxy moieties 
include any alkyl or allyl compound, which is water soluble 
containing a moiety that is at least one of: SO, S0 2 , S0 3 , 
and/or any combination therein. Due to the many ways in 
which an organic molecule can be designed to contain the 
carboxyl moiety and/or the sulfoxy moiety, it is an embodi- 
ment that any water soluble organic compound containing at 
least one of a carboxylic moiety and/or a sulfoxy moiety. 
(This is with the knowledge that not all dispersants have 


equivalent dispersing properties.) Acrylic polymers exhibit 
very good dispersion properties, thereby limiting the depo- 
sition of water soluble salts and are most preferred embodi- 
ments as a dispersant. The limitation in the use of a dis- 
persant is in the dispersants water solubility in combination 
with its carboxylic nature and/or sulfoxy nature. 

[0140] Water is inherently corrosive to metals. Water 
naturally oxidizes metals, some with a greater oxidation rate 
than others. To minimize corrosion, it is preferred that the 
water have a pH of equal to or greater than 7.5, wherein the 
alkalinity of the pH is from the hydroxyl anion. Further, to 
prevent corrosion or deposition of water deposits on steam 
turbines, it is preferred to add a corrosion inhibitor to the 
water. It is an embodiment to utilize nitrogen containing 
corrosion inhibitors, such as hydrazine, as is known in the 
art. 

[0141] Corrosion inhibitors are added to water to prevent 
corrosion. Chelants can be used to prevent corrosion, as well 
as complex and prevent the deposition of many cations, 
including hardness and heavy metals. Chelants or chelating 
agents are compounds having a heterocyclic ring wherein at 
least two kinds of atoms are joined in a ring. Chelating is 
forming a heterocyclic ring compound by joining a chelating 
agent to a metal ion. Chelants contain a metal ion attached 
by coordinate bonds (i.e. a covalent chemical bond is 
produced when an atom shares a pair of electrons with an 
atom lacking such a pair) to at least two nonmetal ions in the 
same heterocyclic ring. Examples of the number of chelants 
used for mineral deposition in the present invention are 
water soluble phosphates consisting of phosphate, phosphate 
polymers, phosphate monomers and/or any combination 
thereof. The phosphate polymers consist of, but are not 
limited to, phosphoric acid esters, metaphosphates, hexam- 
etaphosphates, pyrophosphates and/or any combination 
thereof. Phosphate polymers are particularly effective in 
dispersing magnesium silicate, magnesium hydroxide and 
calcium phosphates. Phosphate polymers are particularly 
effective at corrosion control. With proper selection of a 
polymer, along with maintaining an adequate polymer con- 
centration level, the surface charge on particle(s) can be 
favorably altered. In addition to changing the surface charge, 
polymers also function by distorting crystal growth. 
Chelants lock the metals in the water into soluble organic 
ring structures of the chelants. Chelants provide reactive 
sites that attract coordination sites (i.e. areas of the ion that 
are receptive to chemical bonding) of the cations. Iron, for 
example, has six coordination sites. All coordination sites of 
the iron ion are used to form a stable metal chelant. Chelants 
combine with cations such as calcium, magnesium, iron and 
copper that could otherwise form deposits. The resulting 
chelated particles are water soluble. The effectiveness of 
chelant(s) is limited by the concentration of competing 
anions, alkalinity and temperature. 

[0142] The effect of adding sufficient amounts of the 
number of chelant(s) by the WCT is to reduce available free 
metal ions in the water and therefore, reduce the phosphate 
demand. Phosphate, such as phosphoric acid and/or pyro- 
phosphoric acid is used to complex or form metal phos- 
phates, which are insoluble. In the preferred embodiments, 
phosphate polymers, such as metaphosphate and/or hexam- 
etaphosphate is used as a corrosion inhibitor and as a chelant 
to prevent correspondingly any precipitation of calcium 
and/or magnesium, while providing corrosion control. Meta- 
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phosphate and/or hexametaphosphate, as well as polymers 
based upon this chemistry, soften the water by removing the 
free calcium and/or magnesium ions from the water and by 
bringing the metal ions into a soluble slightly-ionized com- 
pound or radical. In addition, the water containing any 
excess metaphosphate and/or hexametaphosphate will actu- 
ally dissolve any phosphate or carbonate which may deposit. 
Metaphosphate and/or hexametaphosphate do not throw the 
metal ions out of solution as is the case of usual water 
softening compounds, but rather lock up the metal ions in a 
metaphosphate and/or a hexametaphosphate complex mol- 
ecule; these molecules provide a one or two molecule 
thickness coating on metal surfaces to limit metal corrosion. 
This is particularly important for heavy metal materials. 

[0143] Operating Pressure Relief 

[0144] The WCT will have applications wherein the recy- 
cling or uses of the exhaust gasses of combustion create high 
operating pressures. Further, it is very feasible that there 
may be unintended operating situations, wherein the oper- 
ating pressure becomes greater than the design pressure of 
the equipment employed; any such situation can be a sig- 
nificant safety issue. In the case of the internal combustion 
engine, a significant industry paradigm shift may be required 
for the industry to even consider trapping and recycling 
combustion engine exhaust gases. The discovered WCT will 
contain at least one of: H 2 , N 2 , 0 2 , H 2 0 and/or any com- 
bination therein at various pressures in many aspects of the 
invention. To ensure that the WCT operate safely, in the 
event of an equipment operating failure or of equipment 
operating in excess of the intended pressure, pressure relief 
is preferred. Pressure relief can limit the potential event of 
a catastrophic failure. It is preferred that pressure relief 
devices) be installed throughout the WCT as those devices 
are known in the art and as are normally located via a Failure 
Mode and Effect Analysis and/or a Fault Tree Analysis. 
Example devices include pressure relief valves, rupture 
discs and pressure relief control loops. It is most preferred 
that a pressure relief device be installed downstream of any 
compression generating portion of the WCT. As such, it is 
most preferred that pressure relief device(s) be installed 
immediately downstream of any compressor and in the 
combustion engine exhaust. FIGS. 2 through 18 approxi- 
mate the location of pressure control/relief in the combus- 
tion engine exhaust. FIG. 24 approximates pressure relief 
designs. 

[0145] WCT Engine and Apparatus 

[0146] Referring to FIGS. 3 through 18, a combustion 
engine (CE) is symbolically shown for receiving as fuel H 2 
and at least one of: 0 2 and air. Said combustion engine may 
be of any type, wherein combustion is performed to generate 
at least one of: mechanical torque, heat, thrust, electricity 
and/or any combination therein. It is preferred that H 2 0 be 
received in the combustion chamber, along with said fuel, 
said H 2 0 in the combustion chamber is to be termed 
combustion H 2 0. 

[0147] H 2 flowing to CE is to have a flow. 0 2 flowing to 
CE to have a flow. Air flowing to CE is to have a flow. Means 
to measure said H 2 flow, measure said 0 2 flow and measure 
said air flow are to be provided such that a proportional 
signal in relation to flow is sent to the CE controller (CONT) 
from each of said H 2 flow measuring device, said 0 2 flow 
measuring device and said air flow measuring device. H 2 


flowing to CE is to have flow valve(s). 0 2 flowing to CE to 
have flow control valve(s). Air flowing to CE is to have flow 
control device(s) in the form of a valve or a compressor. 
CONT is to have as input said H 2 flow signal, said 0 2 flow 
signal and said air flow signal. Said controller is to receive 
an input signal from an external source indicating the 
combustion setpoint. Said controller is to compare said 
combustion setpoint to said H 2 flow signal, sending a pro- 
portional signal to said H 2 flow control valve that is in 
proportion to the difference in the combustion setpoint and 
the H 2 flow signal, thereby proportioning said H 2 flow 
control valve. CONT is to compare said 0 2 flow signal and 
said air flow signal to an H 2 /0 2 ratio setpoint, providing a 
proportional signal to an 0 2 flow control valve and to an air 
flow control device, wherein: said H 2 flow, said 0 2 flow and 
said air flow are such that the molar ratio of H 2 /0 2 is 
approximately 2:1. In the case wherein said 0 2 flow control 
valve signal is not near approximately 100%, CONT sends 
a signal to close said air flow control device. In the case 
wherein said 0 2 flow control valve signal is near approxi- 
mately 100%, CONT compares said 0 2 flow signal and said 
air flow signal to said H 2 /0 2 ratio setpoint obtaining an air 
flow difference, sending a proportional signal to said air flow 
control device that is in proportion to said difference, 
thereby proportioning said air flow control device. 

[0148] To conserve energy, as depicted in FIG. 20, it is 
preferred that the H 2 flow control valve(s) consist of a two 
staged system of flow control valves. The first H 2 flow 
control valve, downstream of generated H 2 and downstream 
of H 2 storage is to control H 2 flow to CE. The second H 2 flow 
control valve (for installations that have generated is to 
be located from the generated H 2 line and be located in the 
H 2 line flow from H 2 storage. The second H 2 flow control 
valve is to remain closed until the first H 2 control valve is 
near approximately 100% open (thereby assuring full usage 
of generated H 2 prior usage of stored at which time the 
second H 2 flow control valve will begin opening to supply 
H 2 from storage. 

[0149] To conserve energy, as depicted in FIG. 20, it is 
preferred that the 0 2 flow control valve(s) consist of two 
staged flow control valves. The first 0 2 flow control valve, 
downstream of generated 0 2 and downstream of 0 2 storage 
is to control 0 2 flow to CE. The second 0 2 flow control valve 
is to be located from the generated 0 2 line and be located in 
the 0 2 line flow from 0 2 storage. The second 0 2 flow control 
valve is to remain closed until the first 0 2 control valve is 
near approximately 100% open (thereby assuring full usage 
of generated 0 2 prior usage of stored OJ at which time the 
second 0 2 flow control valve will begin opening to supply 
0 2 from storage. 

[0150] It is preferred that said combustion H 2 0 have flow 
to said combustion chambers) in CE. It is preferred that a 
source of coolant flow to and/or through the block of CE. It 
is preferred that a temperature measurement device have a 
means of measuring combustion temperature and/or CE 
block temperature near the combustion chambers) of CE. 
Means to measure said combustion H 2 0 flow and measure 
said combustion temperature are to be provided such that a 
proportional signal is sent to a controller (CONT) from each 
of said combustion H 2 0 flow measuring device and said 
combustion temperature measuring device. CONT is to have 
as input said combustion H 2 0 flow signal, afore said H 2 flow 
signal and said temperature signal. It is preferred that CONT 
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have a hot temperature setpoint, a coolant temperature 
setpoint, a warm temperature setpoint and an H 2 /H 2 0 ratio 
setpoint. It is preferred that CONT compare afore said H 2 
flow signal and said combustion H 2 0 flow signal to said 
H 2 /H 2 0 ratio setpoint, in combination with comparing said 
temperature signal to said warm temperature setpoint, said 
coolant temperature setpoint, said hot temperature setpoint 
and provide a proportional signal to said combustion H 2 0 
flow control vale and to said coolant flow control valve. 

[0151] In the case wherein said temperature signal is less 
than said warm temperature setpoint, less than said coolant 
temperature setpoint and less than said hot temperature 
setpoint, it is preferred that CONT send a signal to said 
coolant flow control valve to close said coolant flow control 
valve; and send a signal to said combustion H 2 0 flow 
control valve to close said combustion H 2 0 flow control 
valve. 

[0152] In the case wherein said temperature signal is equal 
to or greater than said warm temperature setpoint, less than 
said coolant temperature setpoint and less than said hot 
temperature setpoint, it is preferred that CONT send a signal 
to said coolant flow control valve to close said coolant flow 
control valve; and send a signal to said combustion H 2 0 
flow control valve, wherein said signal is proportional to the 
difference between said measured temperature signal and the 
warm temperature setpoint, and wherein the H 2 /H 2 0 ratio is 
greater than said H 2 /H 2 0 ratio setpoint, thereby proportion- 
ing said combustion H 2 0 flow control valve. 

[0153] In the case of said temperature signal greater than 
said warm temperature setpoint, equal to or greater than said 
coolant setpoint and less than said hot temperature setpoint, 
it is preferred that CONT send a signal to the combustion 
H 2 0 flow control valve, wherein the H 2 /H 2 0 ratio is equal 
to said H 2 /H 2 0 ratio setpoint, thereby proportioning said 
combustion water flow control valve; and send a signal to 
said coolant flow control valve, wherein said signal is 
proportional to the difference between said temperature 
signal and said coolant setpoint, thereby proportioning said 
coolant flow control valve. 

[0154] In the case wherein the temperature signal is 
greater than said warm temperature setpoint, greater than 
said coolant setpoint and equal to or greater than said hot 
temperature setpoint, it is preferred that CONT send a signal 
to open the combustion H 2 0 flow control valve 100%, 
which obtains a H 2J H 2 0 ratio less than said H 2 /H 2 0 set- 
point; and send a signal in proportion to the difference 
between the temperature signal and said coolant setpoint to 
said coolant flow valve, thereby proportioning said coolant 
flow control valve; and send a signal to said H 2 flow control 
valve, thereby closing said H 2 flow control valve; and send 
a signal to said 0 2 flow control valve, thereby closing said 
0 2 flow control valve; and send a signal to said air flow 
control device, thereby closing said air flow control device. 

[0155] It is most preferred that the WCT Engine operate at 
a temperature between said warm temperature setpoint and 
said coolant temperature setpoint. It is preferred that energy 
not leave the WCT engine via coolant. It is most preferred 
that required engine cooling be performed by the addition of 
combustion H 2 0 to the combustion chambers). 

[0156] Said WCT Engine is to preferably obtain 0 2 from 
at least one of: 0 2 storage, cryogenic distillation, membrane 
separation, PSA, electrolysis of H 2 0 and/or any combina- 
tion therein. Said cryogenic distillation is to obtain 0 2 from 
at least one of air and/or electrolysis of H 2 0. Said membrane 


separation and/or said PSA is preferably to obtain 0 2 from 
air. Said cryogenic distillation and/or said membrane sepa- 
ration and/or said PSA is to preferably be powered by said 
WCT Engine. Said 0 2 storage is to preferably be performed 
at cryogenic temperatures. The mechanical energy for said 
cryogenic storage is preferably created by said WCT Engine. 

[0157] Said WCT Engine is preferably to obtain H 2 from 
at least one of: H 2 storage, steam corrosion of a metal(s), 
electrolysis of H 2 0 and/or any combination therein. Said 
steam, to produce H 2 from said corrosion, is preferably an 
exhaust product of said WCT Engine. Said H 2 storage is to 
preferably be performed at cryogenic temperatures. The 
mechanical energy for said cryogenic storage is preferably 
created by said WCT Engine. 

[0158] Afore said electrolysis of H 2 0 is preferably to 
obtain electrical energy for electrolysis from a generator 
driven by at least one of: a steam turbine, mechanical 
rotating energy, an air turbine powered by the energy of 
moving air, a water turbine powered by the energy of 
moving water and/or any combination therein and/or pho- 
tovoltaic cell(s). It is preferred that said electrical energy be 
regulated. In the case wherein an alternator or dynamo is 
used, it is preferred that said electrical energy be converted 
from an alternating current to a direct current. Said steam 
turbine is most preferably powered by steam generated by 
afore said WCT Engine, Said mechanical rotating energy is 
preferably powered by afore said WCT Engine. 

[0159] The WCT Engine is to preferably generate 
mechanical energy in the form of torque. It is preferred that 
said mechanical energy turn a generator, wherein said gen- 
erator create electrical energy. Exhaust from said WCT 
Engine is preferably to turn a steam turbine, wherein said 
steam turbine turns a generator, wherein said generator 
creates electrical energy. It is preferred that at least a portion 
of said electrical energy is used to electrolytically convert 
H 2 0 into H 2 and 0 2 . It is most preferred to use a portion of 
said H 2 and/or said 0 2 as fuel for said WCT Engine. 

[0160] Materials of construction for the WCT Engine, the 
fuel and energy management systems and apparatus are to be 
those as known in the art for each application as said 
application is otherwise performed in the subject art For 
example, various composite and metal alloys are known and 
used as materials for use at cryogenic temperatures. Various 
composite and metal alloys arc known and used as materials 
for use at operating temperatures of over 500° F. Various 
ceramic materials can be conductive, perform at operating 
temperatures of over 2,000° F., act as an insulator, act as a 
semiconductor and/or perform other functions. Various iron 
compositions and alloys are known for their performance in 
combustion engines that operate approximately in the 200 to 
1,500° F. range. Titanium and titanium alloys are known to 
operate over 2,000 and 3,000° F. Tantalum and tungsten are 
known to operate well over 3,000° F. It is preferred to have 
at least a portion of the construction of the WCT Engine 
contain an alloy composition wherein at least one of: a 
period 4, period 5 and/or a period 6 heavy metal is used, as 
that metal(s) is known in the art to perform individually or 
to combine in an alloy to limit corrosion and/or perform in 
a cryogenic temperature application and/or perform in a 
temperature application over 1,000° F. While aluminum is 
lightweight and can perform limited structural applications, 
aluminum is limited in application temperature. Due to the 
operating temperatures involved in the WCT Engine, ther- 
moplastic materials are not preferred unless the application 
of use takes into account the glass transition temperature and 
the softening temperature of the thermoplastic material. . 
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EXAMPLE 1 

[0161] A traditional gasoline internal combustion engine 
obtains approximately 20 miles per gallon. Performing an 
energy balance on the engine, according to FIG. 2: 

E ? ~E w +£ c+^&ic+^E 
£>20 mpg4-35% £ F +35% E,*~9% Ep+1% E F 
£ F -£' w +~80% £ F in energy losses for internal CE(s). 
£f-20 mpg+S0% E r \ E F -100 mpg and E^20% E F 
[0162] Again, 

Ef-Ew+E ex+£ c+Efr ic +C R 

[0163] Assuming: 1) complete engine insulation, 2) a 
steam turbine with 80% efficiency, 2) a generator 
with 90% efficiency and 3) an electrolysis unit with 
80% efficiency turns Ex and E c together into 
approximately 30% E F 

[0164] Using WCT, 

£p-£ w +30% E ¥ +~9% E P +~1% E P 

£ F -£ w +~40% £ F (energy losses); E W (WCT)-6Q% £ F 

EXAMPLE 2 

[0165] Referencing CRC Handbook of Chemistry and 
Physics, the total available combustion energy for n-Octane 
is approximately 1,300 kcal/mole; at 114 lb/lb mole Ep-11.4 
kcal/g and at 454 g/lb. E F «=5176 kcal/lb. (This excludes 
endothermic losses in the formation of NO x .) Further, the 
density of n-Octane is approximately 5.9 lb/gallon, which 
leads to energy figures for n-Octane in the average automo- 
bile: 

[0166] Ep-100 mpg-17 mile/lb. -5 176 kcal/lb.; E^O 
mpg-3.4 mile/lb.«1143 kcal/lb. The total available energy 
for the combustion of hydrogen is 68 kcal/mole; at 2 lb/lb 
mole Ep-34 kcal/g-15436 kcal/lb. Therefore, on a mass 
basis, H 2 -34/11.4~3 times more energy per pound. 

[0167] Using WCT, 60%/20%-3 times more efficient. 
Correlating, energy figures for WCT in the average auto- 
mobile: 

[0168] First, the fuel availability must be calculated. 
H 2 is 100% as delivered. Since cryogenics are at least 
approximately 16% efficient, the production of 0 2 is 
conservatively estimated to be 16% efficient. 

%xl+VSx0.16~70% 

[0169] (Therefore, approximately 30% of the energy 
of the H 2 and 0 2 is used to generate 0 2 .) 


17 mile/lb. Octane x0.7Ox 15436 kcal/lb. H 2 x3 

E F « = 

5176 kcal/lb. n- Octane 

35.5 miles/lb. H 2 ; E w * 21.3 mik/lb. H 2 
Every mole of H 2 requires - mole of generated 0 2 ; 

therefore, at STP every psig of H 2 requires 0.5 psig of 0 2 .1 


EXAMPLE 3 

[0170] According to the Chemical Market Reporter, H 2 
has a market price of approximately $0.50/lb. and gasoline 
has a price of approximately $1.60 per gallon or approxi- 


mately $0.27 per pound. Utilizing traditional hydrocarbon 
combustion technology in transportation, the cost per mile 
for fuel is: 

[0171] $0.27 per lb./3.4 mile per lb.«$0.08 per mile 
for gasoline 

[0172] Utilizing the WCT with $0.50/lb. H 2 , the cost per 
mile for fuel is: 

[0173] $0.50 per Ib./21.3 mile per lb.=$0.023 per 
mile 

[0174] (This calculation can be altered to the current 
market price of hydrogen.) 

EXAMPLE 4 

[0175] Electrical power plants currently produce electric- 
ity using a natural gas turbine followed by a steam turbine, 
wherein the energy for steam generation is transferred via a 
boiler from the exhaust gas of the natural gas turbine. As is 
typical in the industry: 

[0176] The efficiency of combustion is approxi- 
mately 99 percent. 

[0177] The efficiency of the natural gas turbine is 
approximately 20 percent. 

[0178] The efficiency of the boiler is approximately 
85 percent. 

[0179] The efficiency of the steam generator is 
approximately 90 percent. 

[0180] Utilizing the above, the efficiency of electricity 
generation is approximately: 

0.99x0.20+0.99x0.20x0.85x0.90-35 percent 

[0181] For WCT utilizing the combustion/steam turbine 
configuration in FIG. 23A, appropriate assumptions for 
efficiency would be approximately: 

[0182] The efficiency of combustion near 99 percent. 

[0183] The efficiency of 0 2 generation (cryogenics at 
least 16%) near 16 percent. 

[0184] Hydrogen is delivered, thereby having 100% 
delivery efficiency. 

[0185] Heat loss of water at exhaust ((1200° F.-212° 
F.)/1200° F.)-80% percent. 

[0186] Friction losses near 12 percent. 

[0187] Utilizing the above, the efficiency of electricity 
generation is approximately: 

0.99x(ttx 1 +'/3x0. 16)x0.80x0.88-50 percent 

[0188] (This can be improved if the final steam 
turbine operates at less than atmospheric pressure.) 

[0189] Utilizing the above, incorporating: 

[0190] An H 2 price of approximately $0.50 per 
pound. 

[0191] A natural gas price of approximately $6.00 per 
thousand cubic feet. 

[0192] A natural gas energy value of approximately 
212 kcal/mole. 

[0193] The cost of electricity production for WCT on a 
kcal basis is: 

(35436 kcal./Ib. HXIb. H 2 /$O.5O)x0. 50-1 5436 
kcal/$ 
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[0194] The cost of electricity production for a traditional 
natural gas plant on a kcal basis is: 

[0195] First convert cubic feet to pounds at STP and 
convert to kcal/Ib.: 

1000 cubic feet (tcf)/360 cubic feet per lb. mole-2.78 
lb. mole 

[0196] 2.78 lb. molexl6 lb./lb. mole-44.5 lb. gas; 
$6.00/44.5 lb. gas-$0.135/lb. gas 

[0197] (212 kcal/molex454 mole/lb. mole gas)x(lb. 
mole gas/16 lb. gas)-6016 kcal/lb. gas 

[0198] Second, estimate economics: 

(6016 kcal/lb. gas)x(Ib. gas/$0.135)x0. 35-15 784 
kcal/$ 

EXAMPLE 5 

[0199] In residential heating, natural gas is often used. 
Referencing above, the cost of natural gas heating, assuming 
80% heat transfer efficiency is: 

($8.00 per tcf/45 lb. per tcf)x0.80/13.25 kcal/lb. - 
SO.Oll/kcal 

[0200] For WCT using membranes and referencing above 
with 40% efficiency: 

$0.50/lb.x(%xl+ttx0.40)x0.80/34 kcal/!b.-$0.009/ 
kcal 


EXAMPLE 6 


[0201] 


dMo/dt Vo 


Propulsion (Jet and Rocket) 


dMc/dt Vc 


Fuel,F 


Flow Diagram 2 

Thrust=Force=F-<M/e/dr Ve-dMo/dt Vo; Let Me=Mo+ 
[0202] wherein Mp-mass of fuel. 

lo I Vol 


For WCT, 


£jVC-l£«oJ U Vt>/ V€ {M H 2+ M 02 +M K2o) ' 
■toi M>J {M K +M 02 } 

[0203] Assuming the same time integration and the same 
thrust velocity integration, then the comparison for thrust 
can be written as: 

Is, F WCT ^F K ? And, therefore, Is {Af H2 +Af 02 -»- 

And, then is {MH 2 +M mo +M Ak }%{M K +M Aix }'> 
And, then is {W m +A/ H20 }^{A/ K }? 
And, then is {M^M^^iM^M^I 

[0204] AHh2=51,571 BTU/lb., AH K -19,314 BTU/lb., 


H 7 + W0 2 -» H 2 0 
1 lb. + 8 lb. -> 9 lb. 


C 14 H3o ♦ «Vi 0 2 — 14 CO z + 15 H 2 0 
1 lb. + 3.47 lb. — 3.11 lb. + 1.36 lb. 


[0205] Cp K «0.6 BTU ° F./lb., C Ph2O ~0.46 BTU ° E/lb., 
CPH2-3.45 BTU ° F./lb., 

[0206] Cp^-0.46 BTU 0 F./lb.; AH VjH20 -974 BTU/lb., 
AH F>H20 -144 BTU/lb., 

[0207] Kerosene(K) a liquid, H 2 vaporized by ambient 
temperature 

[0208] Assuming stochiometric air and thereby the 
same combustion exhaust temperature~1000° F., then 
there is approximately 1000° F. temperature differential 
to combustion temperature. (Note air is 18% 0 2 .) 
Doing an energy balance: 

[0209] AH Combustion-IAH's 

[0210] AH K «Cp K (lb. K)(1000)+Cp Am (3.47/ 
0.18)(1000)+C PAIR (lb. AIR)(1000) 

[0211] 19,314«(0.6X1)(1000)+0.46X3.47/ 
0.18XlOO0)+0.46(lb. Air)(1000) 

[0212] /. 19,314«600+8868+460(lb. Air), Air (cool- 
ing)^ lb., Total air -2 1+3.47/0.18-40.3 lb. 

[0213] .\ For K, 1 lb. K/40.3 lb. air-41.3 lb. 
thrust@1000° F. (40.3 lb. air/lb. K-1000 a. 3 air/lb. 
K) 

[0214] AHh2-3.45(1X1000)+0.46(8/0.18X1000)+ 
0.46(lb. H 2 O)(1000)+974(lb. H 2 0) 

[0215] 51,571-3450+20,444+1434(lb. H 2 0), H 2 0 
cooling -19.3 lb., Air-8/0.18«44.4 lb. 

[0216] /.For H 2 , 1 lb. H 2 /44.4 lb. air/19.3 lb. H 2 0- 
64.7 lb. thrust. (Note this design requires a 10% 
increase in intake air compression system capability 
while maintaining 1000° F. exhaust temperature.) If 
the same air is used with no H 2 0 cooling, then the 
fuel is reduced by 19,314/51,571-0.374, 19,314- 
3.45(0.374)(1000)+0.46(8/0.18X0.374X1000)+ 
0.46(lb. AirXlOOO), Air (cooling)-22.6 lb.; Air com- 
bustion-8(0.374)/0.18-16.62 lb., total air-39.22 lb. 

[0217] .*. For H 2 w/air cooling, 0.37 lb. H 2 /39.22 lb. 
Air-39.6 lb. Thrust, a 5% reduction @ 1000° F. 
(39.22 lb. air/0.37 lb. H 2 -106 lb. air/lb. H 2 ~2630 ft. 3 
air/lb. H 2 . (Note this design requires a 160% increase 
in intake air compression system capability to main- 
tain 1000° F. exhaust temperature.) 

[0218] .'. Previous issues with H 2 are H 2 requires 
160% more air per pound than Kerosene to burn at 
the same temperature. H 2 requires an air increase/air 
compressor capability increase to perform similar to 
Kerosene 

[0219] Evaluation of Alternative Propulsion Options: 

[0220] Sg of Liquid H 2 -0.07; Sg of Liquid 0 2 -1.14; 
Sg of H 2 O-1.00; Sg of K=0.80 

[0221] 0.8/0.07-11.4 limes the volume; however at 
(51,571/19,314) 2.67 times the energy, 11.4/2.67- 
4.27 times the volume, say 4.3 times the volume. 

[0222] While every lb. of H 2 0 equals a lb. of thrust, there 
is no thrust multiplication effect for the H 2 0, as there is with 
fuel. There is a benefit to create a hydrogen gel with H 2 0 
instead of the currently produced hydrogen methane gel. 
However, ice sublimation energy will slightly reduce thrust: 
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[0223] 19,314-3.45(0.374)(1000)+0.46(8/ 
0.18X0.374)(lO0O)+O.46(lb. Air)(1000)+ 
144(0.0374)+0.46 (0.0374)(1000) 

[0224] 10,355«460(lb. Air, Air (cooling)«22.5 lb. 

[0225] .\ Thrust«22.5+8/0.18(0.374)+0.374+ 
0.0374.39.5 Lb. 

[0226] Moving to H 2 and 0 2 Systems w/Air Cooling: 

[0227] 51^71-3.45(1)(1000)+0.44{8X1000)+0.46 
(lb. Air)(1000), Air (cooling)=97 lb. 

[0228] .\ Thrust=105 lb., lb. Thrust/lb. fuei-105/9« 
11.67 

[0229] Moving to H 2 and 0 2 Systems with H 2 0 
Cooling: 

[0230] 51,571«3.45(l)(1000)+0.44{8)(1000)+0.46 
(lb. H 2 O)(1000)+144(lb. H 2 0) 

[0231] .\ H 2 0 (cooling)-73 lb. 

[0232] .-. Thrust-82 lb., lb. Thmst/ib. fuel-1.0 

[0233] Both systems with 0 2 could contain an 0 2 gel with 
H 2 0 as the frozen component. In all WCT applications, H 2 
could be a H 2 gel with H 2 0 as the frozen component. In 
rocket applications, the hydrogen could be mixed with 
frozen water and with frozen oxygen to create a hydrogen/ 
oxygen/water gel. The molar ration of H 2 /0 2 would be 
preferably 2, and the amount of water in the gel would 
depend on the cooling desired versus the acceptable explo- 
sivity of the gel, (Extremely explosive mixture.) Hydrogen 
has a wide combustion window, approximately 5 to 90% in 
air. 

[0234] Preferred Embodiments 

[0235] 1. Preferred operation is H 2 with air while sto- 
ichiometically increasing the jet air intake for H 2 
thermodynamics and/or to operate with excess air for 
cooling. 

[0236] 2. To increase thrust, H 2 with 0 2 and excess air 
cooling is most preferred. To increase thrust H 2 , 0 2 
with H 2 0 is preferred. 

[0237] 3. It is preferred to use H 2 and air at altitudes 
wherein there is enough air available. H 2 , 0 2 and air is 
preferred at moderate altitudes and high altitudes. H 2 , 
0 2 and H 2 0 is preferred at all altitudes and most 
preferred at very high altitudes, such as in a space plane 
application. 

[0238] 4. H 2 , 0 2 and air is preferred in after burn or high 
thrust situations, thereby increasing thrust capability 
upwards of 150% over that available with K or H 2 
combined with air. 

[0239] 5. H 2 0 is preferred to cool exhaust, thereby 
reducing the WCT heat signature and the ability of a 
heat seeking missile to find the WCT. 

[0240] Certain objects are set forth above and made appar- 
ent from the foregoing description. However, since certain 
changes may be made in the above description without 
departing from the scope of the invention, it is intended that 
all matters contained in the foregoing description shall be 
interpreted as illustrative only of the principles of the 
invention and not in a limiting sense. With respect to the 


above description, it is to be realized that any descriptions, 
drawings and examples deemed readily apparent and obvi- 
ous to one skilled in the art and all equivalent relationships 
to those described in the specification are intended to be 
encompassed by the present invention. 

[0241] Further, since numerous modifications and changes 
will readily occur to those skilled in the art, it is not desired 
to limit the invention to the exact construction and operation 
shown and described, and accordingly, all suitable modifi- 
cations and equivalents may be resorted to, falling within the 
scope of the invention. It is also to be understood that the 
following claims are intended to cover all of the generic and 
specific features of the invention herein described, and all 
statements of the scope of the invention, which, as a matter 
of language, might be said to fall in between. 


1-215. (canceled) 

216. An engine comprising a fuel mixture of oxygen and 
hydrogen, wherein 

combustion temperature is at least partially controlled 
with the addition of water to combustion. 

217. The engine of claim 216, wherein mechanical rotat- 
ing energy is created. 

218. The engine of claim 217, wherein said rotating 
mechanical energy turns a generator to create electrical 
energy. 

219. The engine of claim 216, wherein the steam pro- 
duced by combustion turns a generator to create electrical 
energy. 

220. The engine of claim 216, wherein heat is created. 

221. (canceled) 

222. The engine of claim 218 or 219, wherein at least a 
portion of said electrical energy is used in the electrolysis of 
water to hydrogen and oxygen, and wherein 

at least a portion of at least one of said hydrogen and 
oxygen is at least a portion of said fuel mixture. 

223. The engine of claim 216, wherein nitrogen or argon 
is in said fuel mixture. 

224. The engine of claim 216, wherein said fuel mixture 
comprises air. 

225. The engine of claim 216, wherein at least a portion 
of the steam produced by combustion is converted to hydro- 
gen by the corrosion of at least one metal. 

226. The engine of claim 225, wherein the conversion of 
said steam into said hydrogen is increased by an electrical 
current in said metal(s). 

227. The engine of claim 225 or 226, wherein said 
hydrogen is al least a portion of the hydrogen in said fuel 
mixture. 

228. The engine of claim 216, wherein a generator turns 
due to the movement of air or water, and wherein 

said generator creates electrical energy, and wherein 

said electrical energy is at least partially utilized in the 
electrolysis of water to hydrogen and oxygen, and 
wherein 

at least a portion of at least one of said hydrogen and said 
oxygen is at least a portion of said fuel mixture. 
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229. The engine of claim 216, wherein a photovoltaic cell 
creates electrical energy, and wherein 

said electrical energy is at least partially used in the 
electrolysis of water to hydrogen and oxygen, and 
wherein 

at least a portion of at least one of said hydrogen and said 
oxygen is at least a portion of said fuel mixture. 

230. The engine of claim 216, incorporating a cryogenic 
air separation unit, wherein 

at least a portion of the energy of combustion powers at 
least a portion of said cryogenic air separation unit. 

231. The engine of claim 230, wherein the nitrogen 
separated from air in said cryogenic air separation unit is 
used to cool any portion of at least one selected from a list 
consisting of: said cryogenic air separation unit, the storage 
of oxygen, the storage of hydrogen, electrolysis, coolant for 
said engine, said engine and any combination thereof. 

232. The engine of claim 230, wherein the nitrogen 
separated from air in said cryogenic air separation unit is at 
least partially used to cool air or water. 

233. The engine of claim 216, incorporating a membrane 
air separation unit, wherein 

at least a portion of the energy of combustion powers at 
least a portion of said membrane air separation unit. 

234. The engine of claim 216, incorporating a PSA air 
separation unit, wherein 

at least a portion of the energy of combustion powers at 
least a portion of said PSA air separation unit. 

235. The engine of claim 230, 233 or 234, wherein the 
oxygen separated from air is at least one of enriched oxygen, 
pure oxygen and very pure oxygen. 

236. The engine of claim 230, 233 or 234, wherein at least 
a portion the oxygen separated from air is al least a portion 
of said fuel mixture. 

237. The engine of claim 216, wherein at least one 
selected from a list consisting of a: corrosion inhibitor, 
chelant, dispersant and any combination therein is added to 
the water in said engine. 

238. The engine of claim 216, wherein said engine 
performs at least one of: internal, turbine and heating 
combustion. 

239. The engine of claim 216, wherein at least one of 
oxygen and hydrogen is stored in at least one of a cooled gas 
state and a liquid state by liquefaction. 

240. The engine of claim 239, wherein the compressors) 
for at least one of cooling and liquefaction is powered by at 
least one of said engine and a fuel cell. 

241. The engine of claim 240, wherein said fuel cell is 
powered by hydrogen and at least one of oxygen and air. 

242. The engine of claim 216, wherein at least one of said 
hydrogen and oxygen is stored in a mixture with frozen 
water crystals to form a gel. 

243. The engine of claim 216, wherein at least one 
selected form a list consisting of: hydrogen, oxygen and 
water are preheated prior to combustion with the energy 
from at least one selected from a list consisting of: ambient 
temperature, said engine, said engine exhaust, an electrical 
radiant heat source and any combination therein. 

244. The engine of claim 217, wherein said mechanical 
rotating energy from said engine enters a transmission, 
wherein 


said transmission engage in a manner that is inversely 
proportional to at least one of the torque and work 
output of said engine, and wherein 

said transmission output mechanical rotating energy tum 
a generator to create electrical energy. 

245. The engine of claim 244, wherein said transmission 
engage a flywheel capable of storing rotational kinetic 
energy, wherein 

said flywheel turns said generator. 

246. The engine of claim 244, wherein at least a portion 
of said electrical energy is used in the electrolysis of water 
to hydrogen and oxygen. 

247. The engine of claim 246, wherein at least one of said 
hydrogen and oxygen is at least a portion of said fuel 
mixture. 

248. The engine of claim 216 or 219, wherein a pressure 
control device is in said engine exhaust. 

249. The engine of claim 216, wherein at least one of 
combustion heat energy and engine exhaust energy is used 
to heat at least one of a gas and a liquid. 

250. The engine of claim 249, wherein at least one of the 
gas is air and the liquid is water. 

251. The engine of claim 250, wherein said exhaust 
discharge directly into said air or water. 

252. The engine of claim 216 or 230, wherein said engine 
is insulated. 

253. The engine of claim 230, wherein hydrogen is 
separated. 

254. The engine of claim 216, wherein said oxygen is at 
least one of: enriched oxygen, pure oxygen and very pure 
oxygen. 

255. (canceled) 

256. The engine of claim 216, wherein the temperature of 
combustion is at least partially controlled with air to com- 
bustion in excess over that required to perform combustion, 
wherein said excess air reduces al least one of the combus- 
tion temperature and the formation of nitrogen oxide(s). 

257. The engine of claim 256, wherein there is no water 
addition to combustion. 

258. The engine of claim 216, wherein the temperature of 
said engine exhaust is at least partially cooled with water. 

259. The engine of claim 256, 257 or 258, comprising jet 
propulsion. 

260. The engine of claim 216, 254, 266, 257 or 258, 
comprising rocket propulsion. 

261. A method of performing combustion comprising a 
fuel mixture of oxygen and hydrogen, wherein 

said oxygen is at least one of: enriched oxygen, pure 
oxygen and very pure oxygen. 

262. The method of claim 261, wherein water is added to 
combustion. 

263. The method of claim 261, wherein mechanical 
rotating energy is created. 

264. The method of claim 263, wherein said rotating 
mechanical energy turns a generator to create electrical 
energy. 

265. The method of claim 261, wherein the steam pro- 
duced by combustion turns a generator to create electrical 
energy. 

266. The method of claim 261, wherein heal is created. 

267. (canceled) 
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268. The method of claim 264 or 265, wherein at least a 
portion of said electrical energy is used in the electrolysis of 
water to hydrogen and oxygen, and wherein 

at least a portion of at least one of said hydrogen and 
oxygen is at least a portion of said fuel mixture. 

269. The method of claim 261, wherein nitrogen or argon 
is in said fuel mixture. 

270. The method of claim 261, wherein said fuel mixture 
comprises air. 

271. The method of claim 261, wherein at least a portion 
of the steam produced by combustion is converted to hydro- 
gen by the corrosion of at least one metal. 

272. The method of claim 271, wherein said conversion of 
steam into said hydrogen is increased by an electrical current 
in said metal(s). 

273. The method of claim 271 or 272, wherein said 
hydrogen is at least a portion of the hydrogen in said fuel 
mixture. 

274. The method of claim 261, wherein a generator turns 
due to the movement of air or water, and wherein 

said generator creates electrical energy, and wherein 

said electrical energy is at least partially utilized in the 
electrolysis of water to hydrogen and oxygen, and 
wherein 

at least a portion of at least one of said hydrogen and 
oxygen is at least a portion of said fuel mixture. 

275. The method of claim 261, wherein a photovoltaic cell 
creates electrical energy, and wherein 

said electrical energy is at least partially used in the 
electrolysis of water to hydrogen and oxygen, and 
wherein 

at least a portion of at least one of said hydrogen and 
oxygen is at least a portion of said fuel mixture. 

276. The method of claim 261, incorporating a cryogenic 
air separation unit, wherein 

at least a portion of the energy of combustion powers at 
least a portion of said cryogenic air separation unit. 

277. The method of claim 276, wherein the nitrogen 
separated from air in said cryogenic air separation unit is 
used to cool any portion of at least one selected from a list 
consisting of: said cryogenic air separation unit, the storage 
of oxygen, the storage of hydrogen, electrolysis, coolant for 
said combustion, said combustion and any combination 
thereof. 

278. The method of claim 276, wherein the nitrogen 
separated from air in said cryogenic air separation unit is at 
least partially used to cool air or water. 

279. The method of claim 261 , incorporating a membrane 
air separation unit, wherein 

at least a portion of the energy of combustion powers at 
least a portion of said membrane air separation unit. 

280. The method of claim 261, incorporating a PSA air 
separation unit, wherein 

at least a portion of the energy of combustion powers at 
least a portion of said PSA air separation unit. 

281. The method of claim 276, 279 or 280, wherein the 
oxygen separated from air is at least one of enriched oxygen, 
pure oxygen and very pure oxygen. 


282. The method of claim 276, 279 or 280, wherein at 
least a portion of the oxygen separated from air is at least a 
portion of said fuel mixture. 

283. The method of claim 261, wherein at least one 
selected from a list consisting of a: corrosion inhibitor, 
chelant, dispersant and any combination therein is added to 
the water in said method. 

284. The method of claim 261, wherein the said method 
performs at least one of: internal, turbine and heating 
combustion. 

285. The method of claim 261, wherein at least one of said 
oxygen and said hydrogen is stored in at least one of a cooled 
gas state and a liquid state by liquefaction. 

286. The method of claim 285, wherein the compressors) 
for at least one of cooling and liquefaction is powered by at 
least one selected from a list consisting of said combustion 
and a fuel cell. 

287. The method of claim 286, wherein said fuel cell is 
powered by hydrogen and at least one of oxygen and air. 

288. The method of claim 261, wherein at least one of said 
hydrogen and said oxygen is stored in a mixture with frozen 
water crystals to form a gel. 

289. The method of claim 261, wherein at least one of: 
said hydrogen, said oxygen and water is preheated prior to 
combustion with the energy from at least one selected from 
a list consisting of: ambient temperature, said combustion, 
said combustion exhaust, an electrical radiant heat source 
and any combination therein. 

290. The method of claim 262, wherein said mechanical 
rotating energy from said combustion enters a transmission, 
wherein 

said transmission engage in a manner that is inversely 
proportional to at least one of the torque and work 
output of said combustion, and wherein 

said transmission output mechanical rotating energy turn 
a generator to create electrical energy. 

291. The method of claim 290, wherein said transmission 
engage a flywheel capable of storing rotational kinetic 
energy, wherein 

said flywheel turns said generator. 

292. The method of claim 290, wherein at least a portion 
of said electrical energy is used in the electrolysis of water 
to hydrogen and oxygen. 

293. The method of claim 292, wherein at least a portion 
of at least one of said hydrogen and said oxygen is at least 
a portion of said fuel mixture. 

294. The method of claim 261, wherein a pressure control 
device is in said combustion exhaust. 

295. The method of claim 261, wherein at least one of 
combustion heat energy and the exhaust energy of said 
combustion is used to heat at least one of a gas and a liquid. 

296. The method of claim 295, wherein at least one of the 
gas is air and the liquid is water. 

297. The method of claim 296, wherein said exhaust 
discharge directly into said air or water. 

298. The method of claim 261 or 276, incorporating 
insulation of the method. 

299. The method of claim 276, wherein hydrogen is 
separated. 

300. The method of claim 261, wherein the temperature of 
combustion is at least partially controlled with air to com- 
bustion in excess over that required to perform combustion, 
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wherein said excess air reduces at least one of the combus- 
tion temperature and the formation of nitrogen oxide(s). 

301. The method of claim 261, wherein the temperature of 
combustion exhaust is at least partially cooled with water. 

302. The method of claim 261, 300 or 301, comprising jet 
propulsion. 

303. The method of claim 261, 300 or 301, comprising 
rocket propulsion. 

304. An apparatus performing combustion of oxygen and 
hydrogen; said apparatus comprising, 

a. a fuel apparatus comprising: 

i. a source of oxygen, an oxygen flow control valve and 
an oxygen flow sensing device sensing oxygen flow 
sending an oxygen flow signal proportional to oxy- 
gen flow to a controller, 

ii. a source of hydrogen, a hydrogen flow control valve 
and a hydrogen flow sensing device sensing hydro- 
gen flow sending a hydrogen flow signal propor- 
tional to hydrogen flow to a controller, 

iii. a source of air, an air flow control device and an air 
flow sensing device sensing air flow sending an air 
flow signal proportional to air flow to a controller, 
and 

iv. a temperature measurement device measuring at 
least one of combustion temperature or said appara- 
tus temperature sending a temperature signal in 
proportion to said combustion temperature or said 
apparatus temperature to a controller. 

b. a coolant apparatus comprising, 

i. a source of coolant and a coolant flow control valve, 
and 

ii. a source of combustion water flow to the combustion 
chamber, a combustion water flow control valve and 
a combustion water flow sensing device sensing 
combustion water flow sending a combustion water 
flow signal proportional to combustion water flow to 
a controller. 

c. a control apparatus comprising at least one controller; 

i. receiving said proportional flow signal for oxygen, 
hydrogen, air and combustion water, 

ii. receiving said proportional temperature signal, 

iii. receiving an external combustion signal set point, 

iv. having a setpoint for the ratio of hydrogen to 
oxygen, 

v. having a setpoint for the ratio of hydrogen to 
combustion water, 

vi. having a warn temperature setpoint, 

vii. having a coolant temperature setpoint, and 

viii. having a hot temperature setpoint. 

d. said control apparatus comparing said combustion 
signal setpoint to said hydrogen flow signal, sending a 
signal to the hydrogen flow control valve in proportion 
to the difference in said hydrogen flow signal to said 
combustion signal setpoint, thereby proportioning said 
hydrogen flow control valve. 


e. said control apparatus comparing said hydrogen flow 
signal and said oxygen flow signal to the hydrogen to 
oxygen ratio setpoint, sending a signal to the oxygen 
flow control valve, thereby proportioning the oxygen 
flow control valve; 

i. in the case wherein said oxygen flow control valve 
signal is below and not about 100%, sending a signal 
to said air flow control device closing said air flow 
control device. 

ii. in the case wherein said oxygen flow control valve 
signal is greater than or about 100%, comparing said 
oxygen flow signal and said air flow signal to said 
hydrogen to oxygen ratio setpoint obtaining an air 
flow difference, sending a proportional signal to said 
air flow control device that is in proportion to said 
difference, thereby proportioning said air flow con- 
trol device. 

f. said control apparatus comparing said temperature 
signal to said warm temperature setpoint, said coolant 
temperature setpoint and said hot temperature setpoint: 

i. in the case where said temperature signal is less than 
said warm temperature setpoint, less than said cool- 
ant temperature setpoint and less than said hot tem- 
perature setpoint, sending a signal to said combus- 
tion water flow control valve to close said 
combustion water flow control valve; and sending a 
signal to said coolant flow control valve to close said 
coolant flow control valve. 

ii. in the case wherein said temperature signal is equal 
to or greater than said warm temperature setpoint, 
less than said coolant temperature setpoint and less 
than said hot temperature setpoint, obtain a differ- 
ence between said temperature signal and said warm 
temperature setpoint, sending a signal in proportion 
to the difference between said temperature signal and 
said warm temperature setpoint, which obtains a 
hydrogen to combustion water ratio that is greater 
than said hydrogen to combustion water ratio set- 
point, thereby sending a signal to said combustion 
water flow valve proportioning said combustion 
water flow control valve; and send a signal to said 
coolant flow control valve, thereby closing said 
coolant flow control valve. 

iii. in the case wherein said temperature signal is 
greater than said warm temperature setpoint, equal to 
or greater than said coolant temperature setpoint and 
less than said hot temperature setpoint, obtain a 
difference between said temperature signal and said 
coolant temperature setpoint, thereby sending a sig- 
nal to said combustion water flow control valve that 
obtains combustion water flow that is equal to the 
hydrogen to combustion water ratio setpoint; and 
sending a signal in proportion to the difference 
between said temperature signal and said coolant 
temperature setpoint to said coolant flow control 
valve, thereby proportioning said coolant flow con- 
trol valve. 

iv. in the case wherein said temperature signal is greater 
than said warm temperature setpoint, greater than 
said coolant temperature setpoint and equal to or 
greater than said hot temperature setpoint, sending a 
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signal in proportion to the difference between said 
temperature signal and said coolant temperature set- 
point to said coolant flow control valve thereby 
proportioning said coolant flow control valve; send- 
ing a signal to said combustion water flow control 
valve closing said combustion water flow control 
valve; sending a signal to said hydrogen flow control 
valve, thereby closing said hydrogen flow control 
valve; sending a signal to said oxygen flow control 
valve, thereby closing said oxygen flow control 
valve; and sending a signal to said air flow control 
valve, thereby closing said air flow control valve. 

305. The apparatus of claim 304, wherein mechanical 
rotating energy is created. 

306. The apparatus of claim 305, wherein said rotating 
mechanical energy turns a generator to create electrical 
energy. 

307. The apparatus of claim 304, wherein 

the steam from said combustion turns a generator to create 
electrical energy. 

308. The apparatus of claim 304, wherein heat is created. 

309. (canceled) 

310. The apparatus of claim 306 or 307, wherein electrical 
energy is created and at least a portion of said electrical 
energy is used in the electrolysis of water to hydrogen and 
oxygen, and wherein 

at least a portion of at least one of said hydrogen is at least 
a portion of said hydrogen source and said oxygen is at 
least a portion of said oxygen source. 

311. The apparatus of claim 304, wherein nitrogen or 
argon is in the oxygen source. 

312. The apparatus of claim 304, wherein at least a 
portion of the steam produced by combustion is converted to 
hydrogen by the corrosion of at least one metal. 

313. The apparatus of claim 312, wherein said conversion 
of steam to said hydrogen is increased by an electrical 
current in said rnetal(s). 

314. The apparatus of claim 312 or 313, wherein at least 
a portion of said hydrogen is at least a portion of said 
hydrogen source. 

315. The apparatus of claim 304, wherein a generator 
turns due to the movement of air or water, and wherein 

said generator creates electrical energy, and wherein 

said electrical energy is at least partially utilized io the 
electrolysis of water to hydrogen and oxygen, and 
wherein 

at least a portion of at least one of said hydrogen is at least 
a portion of said hydrogen source and said oxygen is at 
least a portion of said oxygen source. 

316. The apparatus of claim 304, wherein a photovoltaic 
cell creates electrical energy, and wherein 

said electrical energy is at least partially used in the 
electrolysis of water to hydrogen and oxygen, and 
wherein 

at least a portion of at least one of said hydrogen is at least 
a portion of said hydrogen source and said oxygen is at 
least a portion of said oxygen source. 

317. The apparatus of claim 304, wherein said apparatus 
includes a cryogenic air separation unit, and wherein 


said combustion powers at least a portion of said cryo- 
genic air separation unit. 

318. The apparatus of claim 317, wherein the nitrogen 
separated from air in said cryogenic air separation unit is 
used to cool any portion of at least one selected from a list 
consisting of: said cryogenic air separation unit, the storage 
of oxygen, the storage of hydrogen, electrolysis, coolant for 
said apparatus, said apparatus and any combination thereof. 

319. The apparatus of claim 317, wherein the nitrogen 
separated from air in said cryogenic air separation unit is at 
least partially used to cool air or water. 

320. The apparatus of claim 304, wherein said apparatus 
includes a membrane air separation unit, and wherein 

said combustion powers at least a portion of said mem- 
brane air separation unit. 

321. The apparatus of claim 304, wherein said apparatus 
includes a PSA air separation unit, and wherein 

said combustion powers at least a portion of said PSA air 
separation unit. 

322. The apparatus of claim 317, 320 or 321, wherein the 
oxygen separated from air is at least one of enriched oxygen, 
pure oxygen and very pure oxygen. 

323. The apparatus of claim 317, 320 or 321, wherein at 
least a portion of the oxygen separated from air is at least a 
portion of said oxygen source. 

324. The apparatus of claim 304, wherein at least one 
selected from a list consisting of a: corrosion inhibitor, 
chelant, dispersant and any combination therein is added to 
the water in said apparatus. 

325. The apparatus of claim 304, wherein at least one of 
oxygen and hydrogen is stored in a cooled state or in a liquid 
state by liquefaction. 

326. The apparatus of claim 325, wherein compressors) 
for at least one of cooling and liquefaction is powered by at 
least one of said combustion and a fuel cell. 

327. The apparatus of claim 326, wherein said fuel cell is 
powered by hydrogen and at least one of oxygen and air. 

328. The apparatus of claim 304, wherein at least one of 
said hydrogen and oxygen is stored in a mixture with frozen 
water crystals to form a gel. 

329. The apparatus of claim 304, wherein at least one of 
said: hydrogen, oxygen and water is preheated prior to said 
combustion with the energy from at least one selected from 
a list consisting of: ambient temperature, said combustion, 
said combustion exhaust, an electrical radiant heat source 
and any combination therein. 

330. The apparatus of claim 305, wherein said mechanical 
rotating energy from said combustion enters a transmission, 
wherein 

said transmission engage in a manner that is inversely 
proportional to at least one of the torque and work 
output of said combustion, and wherein 

said transmission output mechanical rotating energy rum 
a generator to create electrical energy. 

331. The apparatus of claim 330, wherein said transmis- 
sion engage a flywheel capable of storing rotational kinetic 
energy, wherein 

said flywheel turns said generator. 

332. The apparatus of claim 330, wherein at least a 
portion of said electrical energy is used in the electrolysis of 
water to hydrogen and oxygen. 
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333. The apparatus of claim 332, wherein at least a 
portion of at least one of said hydrogen is at least a portion 
of said hydrogen -source and said oxygen is at least a portion 
of said oxygen source. 

334. The apparatus of claim 304 or 307, wherein a 
pressure control device is in said combustion exhaust. 

335. The apparatus of claim 304, wherein at least one of 
combustion heat energy and combustion exhaust energy is 
used to heat at least one of a gas and a liquid. 

336. The apparatus of claim 335, wherein at least one of 
the gas is air and the liquid is water. 

337. The apparatus of claim 336, wherein said exhaust 
energy discharge directly into said air or water. 

338. The apparatus of claim 304, wherein there is not at 
least one of said source of coolant and said coolant flow 
control valve. 

339. The apparatus of claim 304, wherein there is not at 
least one of: said source of oxygen, said oxygen flow 
measurement device and said oxygen flow control valve. 

340. The apparatus of claim 304, wherein there is not at 
least one of: said source of combustion water, said combus- 
tion water flow measurement device and said combustion 
water flow control valve. 

341. The apparatus of claim 304 or 317, wherein said 
apparatus is insulated. 


342. The apparatus of claim 317, wherein hydrogen is 
separated. 

343. The apparatus of claim 304, wherein said oxygen is 
at least one of: enriched oxygen, pure oxygen and very pure 
oxygen. 

344. The system of claim 343, wherein there is no water 
addition to combustion. 

345. The system of claim 304, wherein the temperature of 
said combustion is at least partially controlled with air to 
said combustion in excess over that required to perform said 
combustion, wherein said excess air performs at least one of 
reduceing: said combustion temperature and the formation 
of nitrogen oxide(s). 

346. The apparatus of claim 304, wherein the temperature 
of said combustion exhaust is at least partially cooled with 
water. 

347. The apparatus of claim 345, wherein there is no 
combustion water. 

348. The apparatus of claim 345, 346 or 347, comprising 
jet propulsion. 

349. The apparatus of claim 304, 343, 344, 345, 346 and 
347, comprising rocket propulsion. 

***** 


